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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 


INTRODUCTION, 

The  purpose  in  writing  this  essay  is  to  gather  data 
on  the  distribution  of  the  Devonian  rooks  throughout 
the  world.  The  type  section  in  Devonshire,  from  which 
the  system  derives  its  name;  and  the  section  along  the 
Rhine,  where  it  is  developed  better  than  elsewhere  in 
Western  Europe ,  will  be  described. 

Special  reference  will  be  given  to  the  occurrence 
of  the  Devonian  in  North  America,  especially  that  of 
Canada,  with  correlation,  whenever  possible,  to  the 
type  section  in  New  York. 

Other  occurrences  will  be  correlated,  as  far  as 
possible,  with  this  American  type  section,  or  with  the 
European  section. 

ACENOWIBDQEIMTS . 

The  writer  is  greatly  indebted  to  Dr.  P.  S.  Warren 
for  his  helpful  criticism  and  suggestions  in  the  prepar¬ 
ation  of  this  thesis.  Dr.  J.  A.  Allan  and  Dr.  R.  L. 
Rutherford  have  at  various  times  assisted  with  refer¬ 
ences  and  suggestions  as  to  the  arrangement  of  material. 

HISTORICAL . 

In  the  British  Isles,  the  presence  of  the  Old  Red 
Sandstone,  a  great  continental  deposit  which  separated 
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THE  WORLD  DISTRIBUTION  OF  THE  DBVOHIAH. 
the  coal  measures  from  the  old  greywaokes,  was  known  be 
fore  the  discovery  of  the  marine  formations.  The  beds 
were  well  developed  in  Scotland,  and  were  made  known  by 
the  work  of  Hugh  Miller,  author  of  "The  Old  Red  Sand¬ 
stone."  Hugh  Miller  was  a  self-educated  geologist,  for 
he  was  a  stone-mason  by  trade.  He  found  and  described 
many  fossil  fish  and  plants  in  the  Old  Red  Sandstone . 

Marine  beds,  which  were  correlated  with  these  beds 
by  their  stratigraphic  position,  were  found  in  Devon 
and  Cornwall. 

The  Devonian  system  was  established  in  1837  as  the 
result  of  the  early  efforts  of  Murchison  and  Sedgwick, 
who  studied  this  succession  of  greywackes,  slates,  and 
limestones.  The  rocks  of  the  section  in  Devonshire 
were  much  distorted  by  folding  due  to  the  Amor loan  re¬ 
volution.  Murchison  and  Sedgwick  realized  this,  so  in 
order  to  get  a  true  succession  of  the  rocks,  went  over 
to  western  Germany  and  Belgium,  to  study  the  section 
along  the  Rhine.  The  rocks  there  were  much  less  dis¬ 
turbed  and  more  foss i lifer ous . 

Previous  attempts  had  been  made  to  work  out  this 

succession.  E.  Beyrick  did  not  separate  the  Devonian 

/ 

from  the  Carboniferous.  Andre  Dumont  had  worked  in  the 
Ardennes,  but  he  neglected  the  paleonto logy . 
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THE  WO  RID  DISTRIBUTION  OF  THE  DEVONIAN . 

The  work  of  Murchison  and  Sedgwick,  which  appeared 
in  1842,  had  a  valuable  paleontological  appendix  by 
Archiac  and  Verneuil.  They  showed  that  part  of  the 
Taunus  and  Hunsruchs  terrain,  which  had  included  beds 
from  the  Cambrian  to  the  Carboniferous,  was  Devonian. 

This  was  the  Eifelian  limestone  of  Mid-Devonian  age. 
Romer,  in  1844,  demonstrated  that  more  of  the  shale  in 
the  Taunus  and  Hiinsruch,  which  had  been  correlated  with 
the  Silurian  was  lower  Devonian.  Dechens  and  Sandberger, 
in  1850,  separated  the  Upper  Devonian  from  the  Middle 
Devonian  as  a  distinct  series  in  Nassau. 

Other  investigators  who  are  associated  with  the 
study  of  the  Devonian  on  the  Rhine  are  Koch,  Holzapfei, 
and  Denckraann  of  the  Prussian  Geological  Survey.  Freeh 
studied  it  in  the  Alps,  Charles  Barrois  in  France  and 
Spain,  and  Tschernyschew  in  Russia.  J.  Halle,  H.  S. 
Williams,  and  J.  M.  Clarke  did  important  work  in  North 
America,  while  Wedekind's  work  on  Goniatites  is  import¬ 
ant  for  both  France  and  Germany. 

THE  RHINE. 

The  section  on  the  Rhine  is  widely  employed  as  a 
standard,  as  it  is  developed  better  there  than  elsewhere 
in  Western  Europe.  The  following  type  section  is 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 

given  by  Xayser  (38): 


SECTION  OF  DEVONIAN  OH  THE  RHINE. 


Upper  De- 

Fammenian 

Clymenian  Xalk 

vonlan 

Nehdener  Schiefer  (Cypridian 

slate ) 

and 

Frasnian 

Kellwasser  Xalk 

Budesheimer  Schiefer 

Old  Red 

Platt iger  Xalk 

Sandstone 

Xalk  und  Dolomite 

Mid-Dev- 

Givet lan 

Massenkalk  und  Dolomite 

onian  and 

Xalke  und  Xalksandsteine 

Old  Red 
Sandstone 

Crinoidea  zone 

Eif  e  lian 

Calceola  Merge  1  und  Xalk 
Spirifer  cultri jugatus  zone 

lower  De- 

Cob lenzian 

Ober  Cob lenzschicht 

vonian  and 
Old  Red 

Ems ian 

Unter  Cob lenzschicht 

Sandstone 

Siegenian 

Huns ruck  Schiefer 

Taunus  Quartz  it 

Gedinnian  -Ditt onian  -  Gedinne 

The  Rhine  section,  which  extends  from  the  Eder  and 
Diemal,  out  beyond  the  Maas,  averages  from  900  to  1500 
feet  in  thickness. 

IOWER  DEVONIAN. 

The  lower  Devonian  consists  of  the  Gedinnian  and 
Ooblenzian  divisions,  the  latter  being  subdivided  into 
the  Siegenian  and  Emsian. 

In  the  Ardennes,  (see  Plate  I)  the  Gedinnian,  the 
loweBt  Devonian,  consists  of  thick  sandy  clays,  with  little 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN, 
limestone.  It  lies  disconformably  on  Cambrian  or 
Ordovician  rocks,  and  contains  a  few  orinoids,  brachio- 
pods  and  corals.  It  is  followed  by  the  Siegenian  divi- 

m 

sion,  which  consists  of  the  Taunus  Quartzite  and  Huns- 
ruck  Schiefer. 

The  Taunus  Quartzite,  a  series  of  white  quartzites 

alternating  with  grey  slates,  is  found  in  Belgium  in  the 

•  • 

Venn  district,  and  particularly  in  the  Taunus  and  Huns- 
ruck  mount a  ins . 

The  Hunsruck  beds,  a  great  succession  of  dark  slates 
with  some  quartzite,  lie  on  top  of  the  Taunus,  In 
Sieger land,  the  valley  of  the  Rhine,  and  part  of  Eifel, 
a  series  of  greywackes,  sandstones,  and  shales  contain¬ 
ing  Rensselar ia,  Spirifer  primaevus  and  Strophemena 
sedgwicki  occurs.  It  is  correlated  with  the  Hunsruck. 

The  Emsian,  the  upper  part  of  the  lower  Devonian  is 
divided  into  Unter  Coblenz  and  Ober  Coblenz. 

In  the  lahn  and  Eifel  regions,  near  Coblenz,  the 
Unter  Coblenz  consists  of  greywackes  and  quartzites,  with 
a  white  quartzite  at  the  top.  It  contains  Tropidoleptus 
rhenanus  and  Spirifer  heroyniae . 

The  Uber  Coblenz  is  composed  of  soft  greywacke  slates 
and  true  clay  slates  with,  locally,  a  rich  fauna.  Varie- 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN, 
ties  of  Spir if er  Phone tes  and  Strophemena  occur. 

MIDDIE  DEVONIAN. 

The  Middle  Devonian,  subdivided  into  the  Eifelian 
and  Givetian,  is  predominantly  calcareous,  with  local 
occurrences  of  slaty  and  sandy  rocks. 

In  the  Eifel,  the  Eifelian  division  consists  of 
marls,  limestones,  slates  and  flat-lying  sandstones. 

The  lowest  part  contains  Spir if er  caltrl  jugatus  as  a 
zone  fossil.  The  Oalceola  beds  contain  Atrypa  reticul¬ 
aris  ,  Qalceo la  sandal ina ,  and  other  brachiopods  and 
corals . 

The  upper  part  of  the  Middle  Devonian,  the  Givetian, 
is  divided  into  three  zones,  the  Crinoidea,  Quadrigemln- 
um,  and  the  Stringocephalus  zones. 

In  the  Eifel,  the  Crinoid  zone  at  the  base  of  the 
Givetian,  contains  fragments  of  Pot looeras  and  Meloor inus 
In  the  second  zone  there  are  thick  beds  of  limestone, 
with  black  dolomites  and  reefs  of  corals,  consisting  of 
large  single  corals  like  Qyathophyllam  quadr igeminum, 
from  which  it  receives  its  name.  The  uppermost  division 
of  the  Givetian  contains  Stringocephalus  burt ini  as  the 
most  important  zone  fossil. 

The  Middle  Devonian  is  widespread,  being  found  in 
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THE  WORID  DISTRIBUTION  OF  THE  DEVOUIAN- 
Westphalia,  in  the  Ardennes,  and  in  the  DILI  and  lahnge- 
biete.  The  Iennesohiefer ,  a  group  of  sandy  clays  found 
in  Westphalia,  were  deposited  in  shallow  seas.  They 
oontain  land  plants,  which  are  found  also  in  the  brackish 
and  fresh  water  deposits  of  Hew  York  and  in  the  Irish  • 
Old  Red  Sandstone.  In  the  Dill  region,  quartzites  con¬ 
taining  Tentaculites ,  are  found. 

— 

An  eruptive  facies  occurs  in  the  Dill  and  the  lahn 
and  in  parts  of  the  Sauerland,  where  keratophyre  diabases 
and  diabase  tuffs  appear  in  the  massive  limestones. 

UPPER  DEVOHIAU. 

The  Upper  Devonian  is  composed  of  slates  and  lime¬ 
stones,  brachiopod  marls  and  sandstones.  It  is  divided 
on  the  basis  of  pelagic  forms,  the  lower  division,  the 
Frasnian,  containing  Mant icoceras  and  the  upper  one, 
the  Fammenian,  Glymenia  and  other  Goniatit es ♦  A  third 
division,  between  the  other  two,  is  represented  by  the 
Chilooeraten  slates  of  Uehden.  It  is  now  included  with 
the  Fammenian. 

In  the  Eifel,  the  lower  beds,  the  Frasnian,  are  dolo- 
mit ic  marls  containing  Rhynohonella  cubo ide3 ,  Spirif er 

v  <  ' 

verneuili  and  Mant icoceras  intumescens. 

Above  this  follows  a  considerable  thickness  of  marly 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVON I AH. 
limestones,  with  small  brachiopods,  which  gradually 
grades  into  the  Budesheimer  goniatite  slates,  dark 
marly  slates  with  small  goniatites  such  as  Tornooeras 
and  Mantlcoceras .  The  uppermost  bed  is  the  Kellwasser 
limestone,  which  is  a  widespread  bed,  about  ten  feet 
thick,  consisting  of  bituminous  black  limestones  and 
slates  with  Buchiola  and  small  Goniatites.  A  similar 
development  occurs  at  Aachen  and  in  Belgium.  Tentaculite 
slates  with  flinty  limestone  are  found  in  the  Sauerland. 

A  red  ironstone  layer  containing  Phar iceras  is  found  in 
the  Iahn  and  in  the  Dill. 

The  lower  part  of  the  Fammenian  is  represented  on 
the  right  side  of  the  Rhine  by  the  Cypridian  slates, 
partly  grey,  and  partly  red  and  green,  containing  Entomis • 
The  slates  of  Behden,  of  similar  age,  have  goniatites. 

The  Clymenia  limestones  are  found  on  the  Saale  river. 
They  are  20  feet  thick,  and  contain  a  rich  fauna,  in¬ 
cluding  many  species  of  Clymenia. 

The  Upper  Devonian  is  well  developed  in  Bohemia, 
being  represented  by  the  F,  G,  and  H  stages  of  Barrande, 
and  contain  brachiopod  and  coral  limestones  with  Bronteus , 
Strophemena ,  and  Tentaculites . 

As  in  the  Middle  Devonian  the  eruptive  formations 
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THE  WORLD  DISTRIBUTION  OF  THE  'DEV  OKI  AN. 
make  up  a  large  part  of  the  section®  They  are  found  at 
Lahn,  Sauerland,  and  especially  in  the  Dill  region, 
where  the  Deck  diabase  occurs®  Sediments  diminish  in 
importance  and  diabase  beds,  several  hundred  feet  thick 
take  their  place.  Tuff  is  also  found  in  the  lahn  and 
in  the  Dili. 

THE  BRITISH  ISDES. 

ENGLAND . 

CORNWALL  AND  DEVON. 

•"7.1  .  won .MIUgTfii'  ■  ’..-■/  .'j  .11  III,  ,T=g-  M 

The  rocks  in  this  region  have  been  thrown,  by 
Amorican  forces  into  numerous  folds.  The  bedding  is 
hard  to  discover  and  the  geological  structure  has  been 
inferred  from  a  comparison  with  less  disturbed  regions, 
or  by  fossil  evidence.  Evans  and  Stubblefield  (23  ) 
give  the  following  sections,  showing  their  correlation 
with  the  Rhine: 


SECTIONS  OP  THE  DEVONIAN  IN  SOUTH  DEVON  AND  CORNWAII 


SECTIONS  OP  THE  DEVONIAN  IN  SOUTH  DEVON  AND  CORNWAII 


■ 
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THE  WO  RID  DISTRIBUTION  OF  THE  DEVONIAN. 

DESCRIPTION  OF  FORMAT  I  OHS  IN  SOUTH  DEVON. 

In  South  Devon  and  Cornwall,  (see  Plate  II)  the 
Dartmouth  slates  consist  of  pink,  purple,  and  green 
slates,  with  grit  beds  and  calcareous  bands.  Pteraspis , 
ar.  Old  Red  Sandstone  fauna,  has  been  found  in  it.  The 
Meadfoot  beds  which  overlie  the  Dartmouth  slates  con¬ 
formably,  consist  of  slates  with  arenaceous  bands,  then 
slates  with  sandy  bands,  which  contain  a  marine  fauna. 

Species  of  Rhynchonella,  Camarotoechia  and  Pleurotomaria 

#• 

have  been  found,  indicating  the  presence  of  the  Huns- 
ruckian  of  the  Rhine  and  Maas. 

The  Staddon  Grits  consist  mainly  of  reddish  grits 
and  sandstones  with  shales  and  slates.  Trop ido leptus 
rhenanus  points  to  the  lower  Emsian  but  Spir ifer  cultr 1- 
j ugatus  and  Qrthotetes  umbraculum  suggest  Middle  Devon¬ 
ian.  The  dark  grey  Middle  Devonian  slates  of  Daddy  Hole 
contain  Calceo la  and  Pen tamer us .  The  Hope’s  Hose  lime¬ 
stone  is  dark  and  slaty,  while  the  Torquay  is  more  mas¬ 
sive,  with  many  fossils  such  as  Qrthoceras  ,  Spirifer , 
Rhynchonella,  Pugnax  and  Dalamanella.  In  many  places 


the  limestones  are  replaced  by  lavas  which  exhibit 
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THE  WORLD  DISTRIBUTION  OP  THE  DEVONIAN 


. 


■ 


"pillow-structure ." 

There  is  no  continuous  section  of  the  Upper  Devonian 
but  near  SaLtern  Cove  there  is  a  thick  (500  ft.)  un- 
fossi liferous  limestone  with  red  shales  in  which  there 

is  a  band  corresponding  to  Wedekind's  Budhesheimer  Schie- 

■ 

fer.  Another  foss iliferous  zone  corresponds  to  the 
Nehdener  Schiefer.  The  section  in  Cornwall  cannot  be 
exactly  correlated  with  that  of  South  Devon,  due  to  lack 
of  paleontological  evidenoe,  but  it  is  shown  as  far  as 
possible  in  the  table  (page  10.) 

IRELAND . 

The  Devonian  strata  of  southern  Ireland  are  consider¬ 
ed  similar  to  the  marine  rocks  of  Devon  and  Cornwall. 

The  following  section  by  Jukes  (9)  is  given  in  Jukes- 
Browne's  text: 

SECTION  OP  DEVONIAN  NEAR  GIENGARIFF, 

IRELAND. 


Black  Slates  with  calcareous  bands 
Black  and  grey  slates 
Coomhola  grits  and  slates 
Upper  Glengariff  grits 
lower  Glengariff  grits 


In  the  districts  of  Glengariff  and  Killarney  in 
Cork  and  Kerry  counties,  the  Glengariff  grits  overlie 


' 


: 
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THE  WORLD  DISTRIBUTION  OP  THE  DEVONIAN. 
the  Silurian.  They  consist  of  alternating  bands  of  fine¬ 
grained  grit  and  slate,  5000  feet  in  thickness.  In  the 

lower  part,  green  grits  predominate,  while  the  upper 

' 

part  is  mainly  composed  of  purplish  red  slates.  The  beds 
are  not  foss i lifer ous . 

In  Kerry  and  the  western  part  of  Cork,  the  Glengariff 

■ 

beds  are  followed  by  the  Goomhola  grits  and  slates.  They 
consist  of  green  and  grey  grits  with  dark  grey  slate, 

3000  feet  in  thickness.  They  contain  a  marine  fauna 
similar  to  that  of  the  Upper  Devonian  in  Devon. 

The  Coomhola  beds  are  followed  by  black  and  grey 
slates  in  south  western  Ireland.  The  fauna  collected 
indicate  that  they  are  of  Upper  Devonian  age. 

In  Central  Ireland,  the  Glengariff  beds  appear  in 
limerick,  Tipperary  and  Kilkenny.  There  is  a  thinning 
of  the  beds  toward  the  north. 

ODD  RED  SAHDSTOHE  BEDS. 

1  . . —  -  ......  - - - 

MID LAUD  VALLEY  OF  SCOTLAND. 

Above  the  Downtownian,  or  Silurian  passage  beds, 
marked  by  an  unconformity,  is  found  the  Lower  Old  Red 
Sandstone . 
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THE  WORLD  DISTRIBUTION  OP  THE  DEVONIAN. 


SECTION  OP  THE  LOWER  OLD  RED  SANDSTONE  IN 

THE  MIDLAND  VALLEY  OP  SCOTLAND. 

Strathmore  Sandstone 

Edzell  shales 

Cairnconnon  Grits 

Car  mu  Hie  or  Sid  law 
series 

Dunottar  series 

Arbroath  sandstones 
Auchmithie  conglomerate 
Red  Head  series 

LOWER  OLD  RED  SANDSTONE. 

The  Dunottar  series  consists  of  coarse  red  and  grey 
sandstones  and  conglomerates  -  about  5000  feet  thick, 
resting  conformably  on  the  Downtownian  south  of  Stone¬ 
haven.  Basalt  and  andesite  flows  are  found  in  the  higher 
part.  The  pebbles  are  derived  from  the  Palaeozoic  rocks 
of  the  Highland  border.  The  Carmyllie  series  has  sand¬ 
stones,  fLags,  and  shale  with  some  lava.  It  is  about 
1000  feet  thick,  as  are  the  other  members  of  the  section 
The  Cairnconnon  Grits  consist  of  coarse  sandstone  with 
bands  of  conglomerate.  The  Red  Head  series  contains 
sandstones  and  shales  with  volcanics  near  the  base.  The 
Auchmithie  conglomerate  has  dull  red  or  grey  beds  in  the 
lower  part,  but  higher  up,  a  deeper  red  becomes  predom¬ 
inant,  representing  increasingly  arid  conditions.  The 
Arbroath  sandstone  contains  red  flags  and  some  limestone 
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TH$  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 
nodules.  The  Edzell  shales  consist  of  fine  sandstones, 
shales,  and  marls. 

MIDDIE  OLD  RED  SANDSTONE. 

The  Middle  Old  Red  Sandstone  is  found  in  Northern 
Scotland  where  it  is  known  as  the  Orcadian  group.  It  is 
well  developed  at  Caithness  and  in  the  Orkney  islands. 
The  following  section  is  given  by  Evans  and  Stubble¬ 
field  (23): 


SECTION  OF  THE  MIDDIE  OID  RED  SANDSTONE 
AT  CAITHNESS,  SCOTLAND. 

Orcadian  (Middle  Old  Red  Sandstone) 


John  0* Groats  Sandstone 
Thurso  Flagstone  group 
Achanarras  Band 
passage  beds  group 
Wick  Flagstone  group 


Wick  flags 
Red  beds 
Helman  Head  beds 
lower  conglomer¬ 
ate 


Basement  group. 


The  Basement  group  consists  of  purple  and  green  mud¬ 
stones,  with  sandstone,  conglomerate ,  arkose,  and  breccia. 
It  is  not  fossiliferous . 

The  Wick  Flagstone  Group  is  a  variable  group.  The 
lower  conglomerate  contains  breccia,  ^he  second  group 
contains  black  slates  and  sandstones.  Red  Sandstones 
occur  in  the  third  group.  Dark  flags  with  pale  grey 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 

sandstone,  and  limestone  containing  fish  remains  occur 
in  the  last  division. 

The  Passage  beds  include  grey  calcareous,  and  dark 
shaly  flags,  hard  blue  and  lenticular  black  limestone, 
and  sandy  beds.  It  contains  Qoooosteus .  The  Achannarras 
band  is  a  thin  bed  of  dark  bluish  grey  calcareous  flags. 
It  holds  many  different  forms  of  fish,  including  Dip- 
laoanthus  and  Pa laeospondylus . 

In  the  Thurso  flagstone  group,  which  corresponds  in 
thickness  to  the  Wick  group  (6000  feet)  are  found  blue 
phosphatlc  and  grey  calcareous  flags  with  pale  mudstones 
Bituminous  matter  occurs  in  bands  and  nodules,  and  con¬ 
cretionary  red  and  yellow  sandstones  with  Estheria  and 
Cephalaspis  as  common  fossils. 

The  John  O’ Groats  sandstone  group  contains  a  yellow 
and  red  false  bedded  sandstone,  with  thin  phosphatic 
blue  flags  and  black  bituminous  shale.  It  represents  a 
change  in  the  type  of  deposit.  Mesaoanthus  and  Dipterus 
are  common  fossil  fish. 

The  Old  Red  Sandstone  appears  in  Shetland,  west  of 
lerwick,  and  in  the  islands  of  Bressay  and  Hoss .  The 
following  section  is  given  by  Evans  and  Stubblefield 
(23): 
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SECTION  OF  OID  RED  SANDSTONE  IN  THE  SHETLAND  ISLANDS. 

Bressay  and  Noss  series. 

Lerwick  series 
Rova  Head  conglomerate 
Red  flags  of  Brihdisten 
Basement  breccia. 

The  Lerwick  series  has  reddish  and  grey  sandstone 
with  rounded  quartzite  and  granite  pebbles.  It  contains 
Esther ia  and  Dipterua  correlating  the  beds  with  the  John 
o' Groats  and  Thurso  groups.  The  Bressay  and  Noss  series 
consists  of  micaceous  sandstones,  thin  flagstones,  and 
grey  shales.  Fish  remains  and  fragments  of  plants  occur. 

NORTHERN  IRELAND. 

In  Northern  Ireland,  the  Devonian  is  represented  by 
several  tracts  of  Old  Red  Sandstone.  The  beds  resemble 
those  of  Northern  Scotland. 

In  Tyrone,  beds  of  dark  red  and  purple  conglomerate 
and  sandstone  occur. 

In  Antrim,  these  beds  are  followed  by  a  series  of 
red  and  brown  sandstones,  and  a  breccia  of  large  blocks 
of  quartz  porphyry. 

A  similar  series  is  found  in  Donegal  and  Mayo,  con¬ 
sisting  of  basal'  conglomerate  succeeded  by  chocolate 
colored  sandstones  and  shales,  with  pebbly  beds. 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 


The  Caledonian  disturbance  at  the  end  of  the  Silurian 
caused  a  withdrawal  of  the  sea,  giving  rise  to  conditions 
suitable  for  the  deposition  of  the  Old  Red  Sandstone  beds. 

The  prevailing  red  color  of  the  rocks  is  attributed 
to  oxidation  and  dessication  of  the  beds  in  a  comparative¬ 
ly  warm  climate. 

The  conditions  of  deposition  were  probably  similar 
to  those  that  prevail  in  parts  of  the  Bolivian  plateau 
and  the  interior  of  South  .Australia,  where  a  nearly  level 
surface  is  covered  after  a  heavy  rainfall  by  shallow 
waters,  which  dry  up  during  periods  of  drought.  The  con¬ 
glomerates  and  much  of  the  sandstone  are  of  fluviatile 
origin,  but  some  sandstones  may  have  been  wind-borne,  as 
the  marls.  The  desert  conditions  were  due  to  absence  of 
protective  vegetation. 

There  was  volcanic  activity  and  mountain  building 
early  in  Old  Red  Sandstone  times,  then  a  period  of  quiet, 
during  which  the  deposits  became  fine  grained.  later  the 
movements  recommenced. 

There  is  a  great  change  in  the  fish  fauna  of  the 
lower  Old  Red  Sandstone  and  the  Middle  Old  Red  Sandstone, 
showing  a  considerable  lapse  of  time  between  them.  Three 
families,  the  Oephalasp idae ,  Oocoosteldae ,  and  Acanthod- 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 
i&ae  are  common  to  both,  but  the  rest  of  the  Middle  Old 
Red  Sandstone  families,  Asterolepidae ,  Osteolepidae , 
Rhizodontldae ,  Moloptychildae ,  Otenodont idae  and  Pa laeon- 
iscidae  are  aLso  found  in  the  Upper  Old  Red  Sandstone  to 
which  it  is  more  closely  related  than  to  the  lower.  It 
likely  corresponds  to  the  Russian  Middle  Old  Red  Sandstone 
of  the  Baltics,  which  lies  conformably  oyer  the  Downtown- 
ian  rocks,  and  is  conformably  overlain  by  marine  limestone 
of  Givetian  or  Frasnian  age. 

In  the  Upper  Old  Red  Sandstone  the  arid  conditions 
became  modified.  In  the  Moray  Firth  area,  the  Haim  sand¬ 
stone  can  be  correlated  with  the  Wenden  deposits  on  the 
banks  of  the  Aa  in  Livonia,  while  the  Alves  or  Scaat  beds 
near  Elgin  correspond  to  the  Sjass  River  beds  in  the 
Leningrad  district  and  the  Psammites  de  Condroz  in  Belgium 

IGNEOUS  ROOKS. 

Lower  Old  Red  Sandstone  volcanic  outbreaks  occurred 
with  reference  to  the  U.E.-S.W.  Caledonian  axis,  in 
three  principal  areas: 

(a)  The  Lome  and  Glencoe  districts 

(b)  On  both  sides  of  the  Midland  Valley  of 
Scotland . 

(c)  The  Cheviot  hills. 


,  , 


.  ’£ 


mil  , 


21. 


THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 

The  volcanic  rocks  are  found  to  be  6500  feet  thick  in 
places.  Volcanic  necks  of  tuff  or  agglomerate  are  found 
in  the  lava.  The  lavas  are  principally  basic  pyroxene 
andesites,  grading  into  olivine  basalts.  At  Ben  Nevis, 
an  interesting  variation  occurs  where  a  cylindrical  plug 
has  subsided  in  a  granite  magma,  showing  more  than  one 
intrusion. 

Igneous  rocks  also  occur  in  other  parts  of  Europe  in 
many  areas.  Beds  of  diabase  and  diabase  tuff  occur  at 
the  Harz,  Nassau,  Westphalia,  and  the  Fichtelbirge ,  giv¬ 
ing  evidence  of  volcanic  action  (25} 

NORTH  AMERICA. 

NEW  YORK. 

The  New  York  section  is  one  of  the  most  complete 
Devonian  sections  in  the  world,  and  forms  the  standard 
of  reference  for  North  America.  The  formations  were 
quite  early  subdivided  by  J.  Hall,  of  New  York,  followed 
by  J .  M.  Clarke,  who  did  much  of  the  paleontological 
work.  More  recently  part  of  the  work  on  the  Middle  and 
Upper  groups  has  been  revised  by  G.  A.  Cooper,  G.  H. 
Chadwick,  and  Charles  Schuchert. 

The  following  section  is  given  in  the  report  for 
the  16th  Internat iona  1  Congress  held  in  United  States 
in  1933  (44) : 


. 


. 


*  *  » 


♦  *  tt  .it  - 


SECTION  OF  THE  DEVONIAN  IN  NEW  YORK 
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ffHB  WORID  DISTRIBUTION  OF  THE  DEVONIAN 
Devonian  strata  cover  more  than  one-third  of  the 
State  of  Hew  York,  the  conditions  for  deposition  at  the 
beginning  of  the  period  being  the  same  as  at  the  close 
of  the  Silurian. 

THE  LOWER  DEVOMAB. 

The  lower  Devonian  is  divided  into  the  Helderbergian 
and  Oriskanian.  The  beds  are  well  developed  in  the 
Helderberg  mountains  (see  Plate  III). 

The  Helderbergian,  the  first  formation,  is  divided 
into  a  number  of  beds,  as  shown  in  the  table,  page  22  (30) 
The  Coeyman's  limestone  at  the  b^se ,  is  a  compact, 
finely  crystalline,  dark  blue  limestone,  50  feet  thick. 

The  upper  part  is  thin  bedded,  with  shaly  layers. 
Tentaculites  and  the  characteristic  brachiopod  Pentamerus 
galeatus  (now  Sieberella  coeymanens is)  are  common. 

In  the  Kalkberg  mountains,  the  Coeymans  is  followed 
by  the  Hew  Scotland  limestone,  which  i3  a  thin  mass  of 
argillaceous  limestone  consisting  mainly  of  Stromatopora 
(15).  When  weathered  the  color  is  light  grey  or  brown. 

It  is  about  60  feet  thick  in  Becraft  mountains.  It  con¬ 
stitutes  a  very  persistent  member  of  the  group.  Common 
fossils  are  Rhipidomella,  Da lmane 1 la ,  and  Platyoeras . 


The  Becraft  is  a  light  grey,  coarsely  crystalline 


-  '  •  ■ 

rv.c 

x.  : 

■ 


,  ,  .  •. 

,  $■>  V'-oo  a 

■  '  ■  ■  - 

•  V  '  .  !  .  ! 

*  n  • 

■ 

. 

■ 

‘  • 

"■‘0-  ’  ■  '  ;  ,,  ;  ;  i 

-  i  1  •  '  "  .  - 

. . 


$ <- &  1  &  -  Mj  S  es 


fa  o  $t  <tb 


PI  a  t  e  ux 


24 


THE  WORLD  DISTRIBUTION  OF  THE  PBVQUIAfl. 
limestone,  becoming  marble  in  places  (53).  THe  thick¬ 
ness  varies  from  15  feet  to  45  feet,  becoming  thicker 
toward  the  south.  It  contains  numerous  crinoid  bases, 
and  the  brachiopod,  Sieberella  pseudogaleatus  and  the 
long  ranged  Atrypa  reticularis . 

The  Alsen  limestone  occurs  in  the  Middle  Hudson 
area,  in  the  Catskills  and  southward,  varying  from  20 
to  50  feet  in  thickness.  It  is  a  fine  grained  eherty 
limestone . 

The  Port  Ewan  limestone  varies  from  a  dark  blue 
limestone  to  a  siliceous  shale.  It  resembles  the 
Becraft,  but  also  contains  Mer istella  lata  and  Spirifer 
murchison 1 ,  showing  the  transition  to  the  Oriskany  beds. 

The  upper  division  of  the  lower  Devonian  is  the 
Oriskanian. 

The  Oriskany,  the  basal  member  of  the  Oriskanian, 
represents  shore  deposits  of  a  transgressing  sea.  It  is 
represented  at  Oriskany  falls,  by  about  20  feet  of  white, 
fossi lifer ous ,  quartz  sand  rock.  An  outlier  is  found  at 
Becraft  mountain,  containing  an  abundance  of  chert.  It 
thickens  toward  the  east,  being  180  feet  thick  in  eastern 
Hew  York.  The  Oriskany  extends,  with  many  interruptions, 
along  the  western  and  northern  flanks  of  the  Helderberg 
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THE  WO RID  DISTRIBUTION  OF  THE  DEVONIAN. 
mountains,  though  on  the  northern  side,  only  the  upper 
part  is  present.  Spirifer  arenosus,  Splr ifer  murohesoni , 
and  Hensselaeria  are  characteristic  fossils  (50), 

The  Esopus  grit,  the  uppermost  member  of  the  lower 
Devonian  is  predominant ly  a  dark  grey,  fine  grained, 
arenaceous  deposit.  The  beds  which  thicken  toward  the 
south  and  east,  are  practically  barren. 

THE  MIDDLE  DE YOU I AN. 

The  Middle  Devonian  is  divided  into  the  Ulsterian  and 
Erian  groups . 

The  Schoharie  Grit,  at  the  base  of  the  Ulsterian,  is 
a  local  deposit  near  Schoharie,  extending  to  Ulster 
County.  It  is  an  arenaceous  limestone  which  merges  in¬ 
to  the  Onondaga  but  is  sharply  separated  from  the  under¬ 
lying  beds. 

The  Onondaga  limestone,  the  upper  member  of  the 
Ulsterian,  has  been  divided  into  a  lower  "Onondaga” 
member  and  an  upper  "Corniferous"  layer,  the  former  term 
later  being  used  for  the  whole  group.  The  Onondaga  lime¬ 
stone  is  widespread,  extending  across  New  York  state  in¬ 
to  Ontario.  There  is  a  thin  layer  of  sandstone,  only 
a  few  inches  thick,  separating  the  Onondaga  from  the 
underlying  beds.  Its  greatest  thickness,  200  feet,  ocours 
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in  the  western  part  of  the  state.  The  rocks  are  of  a 
light  grey  color  and  more  or  less  crystalline.  The 
type  of  rock  in  the  upper  bed  is  very  persistent,  with 
great  uniformity  in  lithological  character.  It  is  a 
fine  grained,  compact  limestone,  ranging  from  light 
greyish  blue  to  dark  blue  or  black.  The  rocks  contain 
numerous  fossils.  The  index  fossil  is  the  brachiopod 
Amphlgenia  elongata,  but  Oyathophylli ,  Favos ites ,  and 
Crinoids  are  abundant. 

The  Hamilton  group  represents  the  Erian  or  Upper 
Middle  Devonian.  It  consists  of  four  divisions,  the 
Marcel lus,  Skaneateles,  ludlowville,  and  Moscow. 

Recent  investigations  by  G.  A.  Cooper  (17)  have 
shown  that  the  Hamilton  beds  include  beds  which  formerly 
were  considered  Sherburne  and  Ithaca.  They  consist  of 
a  huge  wedge  of  clastio  sediments,  which  thicken  rapidly 
toward  the  east,  from  lake  Erie  to  the  Hudson  river, 
varying  from  1400  feet  to  2000  feet  in  thickness. 

The  Marcel lus  shale,  the  basal  part  of  the  Hamilton, 
as  developed  in  the  Chenango,  Unadilla,  and  Susquehanna 
Valleys,  consists  of  dark,  fissile  shales,  heavy  bedded 
limestones,  and  shaly  limestones,  with  thin  sandstone 
beds,  The  finely  levigated  mud  which  produced  the  rock 
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,  ‘  v  l l.  ,  ,  • 

shows  that  the  period  was  very  quiet.  This  condition 
preserved  life  very  well,  showing  the  structure  of  eveh 
delicate  parts.  Typical  fossils  are  Tropldoleptus , 

Sp lrlfer  aoumlnatus ,  Styliollna  f issurella,  and 
Leiorhynchus  multicosta. 

It  is  followed  by  the  Skaneateles  and  Iudlowville 
formations,  which  are  not  divisible  in  the  Unadilla 
vailey.  They  consist  of  a  series  of  arenaceous  shales, 
sandstones,  and  cross-bedded  sandstones.  Cooper  proposes 
the  name  "Panther  Mountain"  to  include  the  upper  part  of 
the  Marcel lus,  the  Skaneateles  and  the  Iudlowville,  in 

! 

the  Susquehanna  and  Schoharie  valleys.  Typical  fossils 

• 

include  Uyassa  arguta  and  Paraoyolas  lirata . 

The  Moscow  formation,  the  uppermost  member  of  the 
Hamilton  group,  is  divided  into  the  Portland  Point  and 

I 

the  Windom  beds.  The  Portland  Point,  the  basal  member, 
is  a  widespread  bed  in  the  Susquehanna  valley  and  the 
Schoharie  valley.  It  consists  of  hard,  coarse,  bluish, 
calcareous  sandstones,  from  4  feet  to  10  feet  in  thick¬ 
ness.  There  are  large  amounts  of  crinoidal  limestone 
and  shell  breccia.  Vitulina  pustulosa  and  Centronella 
lmpressa  are  common  fossils. 


The  Windom  member  is  an  argillaceous  sandstone, 
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THE  WO HID  DISTRIBUTION  OF  THE  DEVONIAN, 
especially  well  developed  in  the  Chenango  valley.  At 
the  east  it  grades  into  the  cont inenta 1  beds,  which,  at 
Gilboa,  contain  the  famous  tree  stumps  of  the  fern 
Eospermatopteris .  It  also  contains  plant  fragments, 
Ielorhynchus  mesaoostale  and  Yltullna. 

Red  and  green  beds  appear  in  this  area,  and  vary  in 
age  from  the  lowest  part  of  the  Skaneateles  to  the  Sher¬ 
burne  . 

At  the  end  of  Hamilton  time  there  was  a  period  of 
uplift  and  erosion,  then  submergence,  with  the  accumula¬ 
tion  of  detrital  deposits  over  western  Hew  York. 

UPPER  DEVONIAN. 

The  Upper  Devonian  consists  of  the  Senecan  and 
Chautauquan  divisions.  The  Bradford  group,  represent ing 
the  highest  Devonian,  has  recently  been  added  by  Schu- 
chert . 

According  to  von  Engeln  (22),  in  a  report  prepared 
for  the  16th  International  congress ,  the  Portage  group 
represents  the  Senecan,  of  lower  Upper  Devonian  age. 

The  Portage  group  is  divided  into  a  number  of  form¬ 
ations,  shown  in  the  table,  page  22.  Two  types  of  fauna, 
the  Haples  and  the  Ithaca,  occur  in  the  Portage  beds. 

The  Haples  fauna,  characterized  by  Mant icooeras  intum- 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 
esoena  and  Card  Lola ,  occurs  in  the  western  part  of  Hew 
York.  The  Ithaca  fauna,  characterized  by  Spirifer 
mes istr ialus  t  Delthyris  mes ioostal is  and  Qy rtina  hamil- 
tonensis ,  is  found  in  the  Ithaca  region. 

The  Oneonta  formation,  which  is  not  very  fossilifer- 
ous  represents  the  Portage  in  eastern  Hew  York. 

The  Tully  limestone,  at  the  base,  occurs  in  the 
central  part  of  Hew  York,  but  disappears  to  the  east  and 
west,  due  to  a  change  in  the  character  of  the  rocks.  It 
is  an  argillaceous  limestone,  ranging  from  a  few  feet  to 
80  feet  in  thickness.  Unweathered  surfaces  are  dark 
grey, but  weathered  surfaces  are  light  brown  or  yellow, 
due  to  the  presence  of  carbonaceous  material.  The  char¬ 
acteristic  fossil  Is  Hypothyridlaa  (Hypothyris)  cuboides , 
which  is  a  world  wide  species,  making  it  a  good  horizon 
marker . 

Cooper  (18)  suggests  the  name  laurens  member  for  the 
beds  carrying  Hypothyridina,  of  basal  Tully  age.  The 
formation  varies  from  a  ferruginous,  white  sandstone, 

4  feet  thick  to  a  shaly  sandstone,  80  feet  thick. 

The  Genesee  shale,  as  developed  in  the  Genesee 
province,  consists  of  very  fine  detrital  deposits,  form¬ 
ing  a  great  development  of  argillaceous,  fissile,  black 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN, 
slate,  which  resembles  the  Maroellus  shale.  It  becomes 
coarser  eastward,  and  grades  Into  the  Sherburne  flags. 

If  the  surface  is  exposed,  it  exfoliates,  and  becomes 
stained  with  iron,  due  to  the  decomposition  of  pyrites. 
The  fauna,  a  prenuncial  Maples  fauna,  includes  Orbi- 
ouloldea  lodensis  .  Styl lollna  f issurella .  Lingula  s pat  - 
ulata ,  and  Tentaoulites  grac ilistr iatua. 

The  Sherburne  flagstones  group  (28)  well  developed 
east  of  Lake  Cayuga,  consists  chiefly  of  thin  bedded 
sandstones,  with  some  shale.  It  varies  in  thickness 
from  180  feet  to  260  feet.  The  fauna  includes  Cardlola 
speolosus.  Ret lcular ia  laevls ,  and  Qhonetes  lepida. 

The  Gilboa  beds  in  the  Schoharie  valley  are  the 
Ithaca  facies  of  the  Sherburne,  Genesee,  and  Tully. 

They  consist  of  red  shales  and  sandstones,  greenish  grey 
sandstones,  and  calcareous  lenses  carrying  Splrif er 
mesastr ialis  and  Trop idoleptus .  It  is  claimed  by  some 
that  the  Ithaca  fauna  is  a  recurrent  Skaneateles  fauna 
representing  the  Trop idoleptus  or  Hamilton  facies  which 
replaces  the  Portage  Leiorhynchus  or  black  shale  (Mar¬ 
oellus)  towards  the  east. 

The  Ithaca  beds  contain  three  shale  members  of 
which  the  lowest  is  a  black  shale,  400  feet  thick, 
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carrying  Card io la ,  Qrbiculo idea  and  lingula  of  the 
Naples  fauna.  The  middle  member  is  a  grey  shale  which 
contains  Trop idoleptus ,  Spir if er  mesistrialis ,  Delthyris 
mes icostalis ,  and  Gy rtina  hamiltonensis ,  an  Ithaca  fauna. 
The  upper  member,  about  300  feet  thick,  also  contains  an 
Ithaca  fauna,  with  many  brachiopods,  such  as  Spir ifer 
mes  icostalis ,  Productella  speciosa  and  Gyrt ina  ham i It  om¬ 
ens is.  It  the  top  Reticular ia  laevis  occurs  again. 

The  Enfield  shale  member,  about  800  feet  thick  at 
Enfield,  consists  of  arenaceous,  wave  marked  sandstones, 
which  do  not  weather  easily.  The  fauna  is  predominant ly 
of  the  Naples  type  (Oardlola)  but  Trop Idoleptus  recurs. 

The  Oneonto  formation  was  found  above  the  Ithaca, 
east  of  the  Chenango  valley.  It  consists  of  red  and 
green  shales,  reddish  sandstones,  and  coarse  grained 
greyish  and  greenish  grey  sandstones.  It  is  not  very 
fossiliferous ,  but  is  considered  to  be  the  eastern  faeifce 
of  the  Portage  beds. 

The  Chatauquan  division  is  represented  by  the 
Chemung  group  in  eastern  New  York. 

The  Cayuta  shale  member,  as  developed  at  lake  Cayuta, 
consists  of  drab  colored,  argillaceus  shale,  with  some 
sandstone.  It  is  600  feet  in  thickness.  In  the  lower 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN 
part  Dalmsnella  dauby i  occurs  and  in  the  upper  part  a 
Tropido leptus  zone. 

It  is  followed  by  the  Wellsburg  member,  about  600 
feet  thick,  which  is  coarser,  being,  perhaps,  an  exten¬ 
sion  of  the  Catskills  beds.  In  the  upper  part  of  the 
Wellsburg,  the  rocks  are  thin  bedded,  tough  flags.  The 
characteristic  fossil  of  the  Chemung  group  is  Spirifer 
dis junotus  (S.  Verneulli) 

The  Bradford  group,  named  by  Schuchert  (52),  is  the 
uppermost  Devonian.  It  resembles  the  Chemung  except  for 
a  few  differences  in  the  fauna. 

CAT SKILL  BEDS. 

The  red  beds  in  the  Catskill  mountains  were  consider¬ 
ed  to  be  a  formation,  the  Catskill,  overlying  the  Chemung. 
It  has  now  been  shown  by  (pooper  and  Chadwick  (1£)  that 
the  Catskill  is  a  non-marine  facies  of  several  formations, 
having  a  great  difference  in  age.  After  fifteen  years 
of  work  on  the  Upper  Devonian  from  central  Ohio  to  the 
Catskill  mountains,  it  was  concluded  that  the  Catskill 
red  beds  were  of  Middle  Devonian  (Hamilton)  age  and 
earliest  Upper  Devonian  (Genesee  Portage)  age  -  thus 
being  older  than  the  Chemung. 

The  name,  Catskill  has  varied  in  its  application 
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from  (1)  the  Old  Red  Sandstone  by  Mather  in  1840 
(£)  the  Upper  Devonian  by  Vanuxem  in  1842, 

(3)  the  lower  Upper  Devonian  by  Mather  in  1843, 

(4)  the  Upper  Devonian  by  Dana  in  1880  to  the 

(5)  upper  part  of  the  Upper  Devonian  by  Dana  in  1917. 

Chadwick  now  uses  the  term  as  applied  to  the  Portage 
group  in  the  following  section,  using  Onteora  for  the 
red  beds  of  Senecan  age,  replacing  Oneonta,  and  Katsberg 
for  the  Enfield  red  beds  of  the  Catskill  formation. 


SECTION  OF  THE  DEVONIAN  IN  THE  CATSKILL  MOUNTAINS. 


Slide  Mountain  conglomer¬ 
ate  (Chatauquan  ?) 

Catskill  Formation  Portage 

Katsberg  red  beds 

group 

(Enfield  age) 

f  Senecan) 

Onteora  red  beds 

(Tuliy  to  Oneonta  age) 

Hamilton 

Kiskatom  red  beds 

group 

Askokan  flags 

Mount  Marion  marine  beds 
Bakoven  shale -Marcel lus 

The  section  overlies  the  Onondaga  conformably.  Chad¬ 


wick  gives  the  age  of  the  Bakoven  shale  as  Marcel lus, 
while  Cooper  thinks  that  the  Mount  Marion  beds  and  the 
Askokan  beds  represent  the  Mace  Hus. 

The  Kiskatom  red  beds  are  of  Middle  Devonian  age, 
being  the  u±jper  part  of  the  Hamilton  group,  and  corres¬ 
ponding  to  the  Oneonta  of  Darton,  used  in  1893. 
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G OEDITIONS  FOR  DEPOSITION. 

Mud  cracks  at  many  horizons  in  the  shaly  beds  show 
long  and  repeated  exposures  of  mud  flats.  Hoots  of 
trees,  and  cross  bedding  in  the  sands  Indicate  deposi¬ 
tion  by  streams,  and  the  red  color  also  suggests  the 
oxidation  of  the  sediments  in  a  semi-arid  climate,  sim¬ 
ilar  to  the  sediments  of  the  Old  Red  Sandstone  in 
Europe.  Schuchert  (5£)  says  that  a  great  delta  was 
formed  during  the  latter  half  of  Devonian  times,  and 
streams  from  the  Appalachians  spread  detritus  to  the 
west,  growing  larger,  as  was  shown  by  the  shifting  of 
the  beds  to  the  west.  The  Catskill  represents  the  part 
exposed  to  the  air  on  the  alluvial  plain,  and  the  grey 
f oss ilif erous  beds  of  the  Hamilton,  Portage,  Chemung , 
and  Bradford  represent  the  sub  littoral,  top  set  beds 
of  the  delta.  The  change  from  red  to  grey  shows  the 
approximate  location  of  the  shoreline  at  each  horizon. 

The  beds  consist  of  13,000  feet  of  sediments  in  Pennsyl¬ 
vania,  and  they  thin  to  the  south  and  west. 

QEMTRA1  UK  I  TED  STATES. 

The  seas  spread  down  the  Appalachian  geosyncline  and 
went  as  far  as  Missouri  and  Oklahoma;  especially  during 
Middle  and  Upper  Devonian  times.  There  are  good  sections 
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in  Missouri  and  Iowa,  the  Upper  Devonian  being  especially 
well  developed  at  the  latter  place.  The  following  sec¬ 
tion  is  given  by  E.  B.  Branson  (6): 


SECTION  OF  THE  DEVONIAN  IN  MISSOURI. 


Upper  Devonian 

Craghead  Creek  shale 

Callaway  limestone 

Middle  Devonian 

Grand  Tower  -  Cooper  lime- 

stone. 

lower  Devonian 

Clear  Creek  Chert 

Bailey  limestone. 

The  Bailey  formation,  which  overlies  the  Silurian, 
consists  of  dark,  bluish,  cherty  limestone,  with  some 
sandstone.  It  is  correlated  with  the  Helderberg  of  New 
York.  Delthyris  is  a  common  brachiopod.  The  Clear  Creek 
formation  consists  of  cherts  and  limestones. 

The  Middle  Devonian  is  represented  by  the  Grand 
Tower  limestone,  which  is  a  coarsely  crystalline,  bluish, 
fossiliferous  limestone  with  many  crinoid 

stems.  The  Cooper  limestone,  of  similar  age,  was  laid 
down  by  a  sea  from  the  north. 

The  Upper  Devonian  is  divided  into  two  members.  The 
Callaway  limestone,  the  lower  formation,  consists  of 
dark  grey  limestone  with  some  shaly  limestone.  It  lies 
disconf ormably  on  the  Middle  Devonian. 
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The  Craghead  Creek  format ioh,  at  Snider  Creek,  con¬ 
sists  of  dark  blue  to  drab  sandy  shales  with  siliceous 
shales  at  the  top.  Typical  fossils  are  Atrypa  reticular¬ 
is  and  Schizophor ia  str iatula . 


IOWA. 

In  Iowa,  the  Devonian  is  represented  by  beds  of 
Middle  and  Upper  Devonian  age.  The  following  section 
is  given  by  Shimer  and  Grabau  (65): 


SECTION  OF  THE  DEVONIAN  IN  IOWA. 


Upper  Devonian  State  Quarry  beds. 

lime  Creek  shales 

Owen  beds 
Hackberry 
Sweet  land  Creek  shales 

Middle  Devonian  Cedar  Valley 

Wapsipinioon  limestones  and 
shales 

Upper  Davenport 
lower  Davenport 
Independence  shale 
Otis  beds 
Coggan  beds. 


As  shown  in  the  table,  the  Wapsipinioon  consists  of 
a  variable  group  of  beds.  The  Coggan  beds  resemble  the 
underlying  Silurian  beds  of  soft  magnesium  limestone (45) . 

The  Otis  is  a  drab  limestone,  while  the  Independence 
is  a  fine  fossi lif erous  shale,  containing  coal  in  some 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 

The  lower  part  of -the  Davenport  resembles  the  Otis, 
while  the  Upper  part  holds  Pentamerus  comas.  In  Iowa, 
the  Wapsipinieon  formation  is  about  60  feet  to  75  feet 
thick  according  to  Kay  (37). 

The  Cedar  Valley  formation  of  Middle  Devonian  age 
consists  of  limestones  and  shaly  limestones  with  seme 
dolomite.  It  has  numerous  fossils,  including  Spirifer 
pennatus  and  Atrypa  reticularis . 

The  Blackberry,  the  most  important  group  of  the  Upper 
Devonian,  has  been  studied  by  the  Fentons,  who  give  the 
following  classification  (24): 


SECT I OH  OF  HACKBERRY  FORMATION  IN  IOWA. 


Owen  substage 

Acervularia  zone 
Floydia  zone 

Hackberry  stage 

Idiostroma  zone 

i 

Cerro  Gordon 

substage 

Spirifer  zone 
Striatula  zone 

The  Fentons  give  the  Hackberry  as  containing  the  Hack- 
berry  beds  and  the  Owen  beds,  as  shown  in  the  table, above, 
calling  the  former  the  Cerro  Gordon  substage  and  the  lat¬ 
ter  the  Owen  substage.  It  lies  disconf ormably  on  the 
lower  formation. 

The  Striatula  zone,  consists  of  calcareous  shales  and 
shaly  limestones,  with  casts  of  fossils  such  as  Gypidula 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 

cornuta. 

The  Spirlfer  zone  has  yellowish  and  bluish  calcareous 
shales  and  shaly  clays  with  a  few  bands  of  indurated 
shale.  This  zone  is  very  fossiliferous,  including 
Spirlfer  whltneyl,  Spirlfer  rarus  t  Spirifer  robust us , 
Reticularia  inoonsueta  and  Qyrt ina  hamlltonensls . 

The  Idiostroma  zone  of  the  Owen  substage  consists  of 
buff  and  grey  limestones  with  some  buff  shale.  Stroma- 
toporoids  are  common. 

The  Floydia  zone  consists  of  magnesium  shales  and 
limestones  and  argillaceous,  dolomitic  limestones,  deep 
buff  or  brown  in  color.  There  are  numerous  poorly  pre¬ 
served  fossils  such  as  the  gastropod  Hat  icopsls. 

The  Aoervalaria  zone  consists  of  calcareous,  light 
grey  limestones,  containing  Pachyphyllum,  Alveolites , 
and  Aoervular la  bass lerl  as  the  most  distinctive  species. 

The  fauna  of  the  Hackberry  stage  is  not  closely  re¬ 
lated  to  that  of  Hew  York,  but  appears  to  be  a  western 
(As iat ic)  fauna. 

MOHTAHA. 

The  section  in  Montana,  like  that  of  Iowa,  consists 
of  beds  of  Middle  and  Upper  Devonian  age.  The  following 
section  is  given  by  C.  F.  Diess  (20): 
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THE  WORLD  DISTRIBUTION  OF  TEE  DEVONIAN. 

SECTION  OF  THE  DEVONIAN  AT  CEDAR  VALIEY,  MONTANA. 

Upper  Devonian  Three  Porks  shale 

Middle  Devonian  Jefferson  limestone 

Spotted  Bear  limestone 
lone  Butte  limestone 
Cooper's  lake  limestone 
Glen  Creek  shale 
White  Ridge  limestone 


The  Jefferson  limestone  is  a  petroliferous,  magnesium 
limestone  with  some  vari-colored  and  dark  shales  and  ar¬ 
gillaceous  limestone.  Kindle  (13)  gives  the  age  of  the 
Devonian  as  lower  and  Middle  Devonian,  s  inoe  the  presence 
of  Halysites  catenulatus  indicates  a  horizon  lower  than 
Middle  Devonian. 

The  White  Ridge  limestone  in  Montana  lies  disconform- 
ably  on  the  Cambrian  and  varies  from  thin-bedded,  buff, 
arenaceous  limestone  to  a  white,  sandy,  siliceous  shale. 

The  Glenn  Creek  shale  is  the  thinnest  member,  varying 
from  7  feet  to  66  feet.  It  is  a  calcareous  shale  with 
some  limestone  and  is  red  to  maroon  in  color. 

The  Cooper's  lake  limestone  is  a  massive,  arenaceous 
limestone,  up  to  500  feet  in  thickness,  containing  num¬ 
erous  fossils.  It  is  petroliferous. 

The  lone  Butte  member  varies  from  80  feet  to  600 
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THE  WORLD  BISTRIBUTION  OF  THE  DEVONIAN, 
feet  and  is  a  dark  brown  limestone  with  a  very  petrol¬ 
iferous  content. 

The  Spotted  Bear  limestone  contains  a  variety  of 
limestones  and  shales  with  poorly  preserved  gastropods, 
cephalopoda,  and  bryozoans. 

The  Three  Forks  formation,  named  by  Dr.  A •  G,  Peale 
lies  disconformably  on  the  Jefferson  limestones  (33). 

It  consists  of  a  series  of  reddish  and  brownish  to  green 
ish  argillaceous  shales  and  brownish  limestones,  with 
some  sandstone.  The  formation,  which  is  about  150  feet 
thick  at  Three  Forks  changes  to  the  south  and  north  and 
becomes  predominantly  a  limestone  (47).  The  fauna  in¬ 
cludes  Splr ifer  whitneyi ,  Sohizophoria  striatula  and 
Productel la  coloradoensis . 

P,  E.  Raymond  (46)  describes  the  occurrence  of  a 
fauna  including  Olymenia ,  Entomis,  and  Goniatites  in 
the  Three  Forks  shale.  This  fauna  is  very  similar  to 
that  of  the  Olymenia  limestone  in  Germany. 

CALIFORNIA . 

In  California,  the  Devonian  is  found  outcropping  in 
two  places,  the  Inyo  mountains  and  the  Klamath  mountains 
Stauffer  gives  the  following  section  (56): 
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THE  WO RID  DISTRIBUTION 

OF  THE  DEVONIAN. 

SECTION  OF  THE  DEVONIAN  IN  CALIFORNIA. 

Upper  Devonian 

Percha  shale 

Martin  limestone 

Middle  Devonian 

Kennett  format  ion 

Lower  Devonian 

Santa  Rita  shale 

The  lower  Devonian  is  very  limited,  being  found  only 
in  the  Inyo  mountains.  The  Middle  Devonian  is  the  most 
important.  The  Kennett  formation  developed  in  both  the 
Klamath  mountains  and  the  Inyo  mountains,  consists  of 
about  1500  feet  of  dark  grey  to  black  shales  and  argil¬ 
laceous  limestones  with  some  sandstone  and  chert.  Many 
corals  ,  such  as  Heliolites  porosa  and  Calceola  sandal ina 
are  present.  They  somewhat  resemble  those  occurring  in 
the  Onondaga  limestone  of  eastern  north  America,  but  are 
more  closely  allied  to  the  European  forms,  especially  the 
Calceola  beds  of  Devonshire  and  the  Eifel  district  so  it 
is  considered  Eifelian  in  age. 

The  Martin  limestone,  of  Upper  Devonian  age,  was 
found  by  Schuchert  in  the  Hamath  mountains  (51). 

CANADA. 

A3  in  the  United  States,  there  is  little  lower  De¬ 
vonian  in  Canada.  The  Middle  Devonian  sea  was  widespread, 
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THE  WORID  DISTRIBUTION  OP  THE  DEVONIAN, 
due  to  the  sinking  of  the  continent,  though  there  were 
two  distinct  seas,  which  were  connected  in  Upper  De¬ 
vonian  times.  There  was  some  volcanic  activity  in 
eastern  Canada,  caused  by  the  beginning  of  the  Shick 
Shookian  revolution,  which  marked  the  close  of  the 
per  iod . 

If  Off  A  SCOTIA. 

In  Nova  Scotia  the  Knoydart  formation  lies  in  the 
syncline  formed  by  Silurian  rocks.  It  consists  of  hard 
red  shales  inter-bedded  with  compact,  fine  grained,  grey 
sandstones.  It  is  thought  to  be  continental  in  origin, 
contains  fragments  of  fossil  fish,  and  is  probably  of 
Middle  or  Upper  Devonian  age. 
y 

GASPE. 

In  Gaspe  there  is  a  development  of  Lower  Devonian, 
overlain  by  Old  Red  Sandstone  (16). 


SECTION  OF  THE  DEVONIAN  IN  GASPE  PENINSULA. 


Old  Red  Sandstone 

Gaspe  sandstone 

Lower  Devonian 

Grand  Greve  limestone 

St.  Albans  beds. 

The  Lower  Devonian  beds  are  overthrust  on  the  Silur 
\ 

ian.  The  Grand  Greve  limestone  has  fossils  which  are 
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THE  WO  RIP  DISTRIBUTION  OF  THE  DEVONIAN. 
probably  Oriskany  in  age. 

Two  detached  masses  of  rocks  of  the  same  age  are 
found  at  Pero/  and  Forillon  which  are  very  striking 
scenic  features. 

*  \ 

The  Gaspe  sandstone  which  overlies  the  Grand  Greve 

d is conformably ,  consists  of  a  heavy  mass  of  red  and 
brown  sandstones  several  thousand  feet  thick.  It  con¬ 
tains  land  plants,  showing  that  it  was  continental  in 
origin,  representing  the  Old  Red  Sandstone. 

The  Bonaventure  formation  on  Chaleur  Bay  consists 
of  thick  red  conglomerates  and  sandstones.  It  contains 
fossil  fish  and  is  partly  Devonian  in  age. 

MONTBREGIM  HIILS. 

Evidence  of  volcanic  activity  is  found  in  the 
presence  of  the  Monteregian  Hills  situated  in  an  approx¬ 
imately  straight  line  in  Quebec  east  of  Montreal.  They 
are  called  mountai  ns  on  account  of  the  low  relief  of  the 
surrounding  country,  and  the  name  "Monteregian"  comes 
from  Mount  Royal,  which  is  the  site  of  Montreal  (1). 

Mount  Brome,  the  highest,  is  only  1750  feet  in  elevation. 
They  are  a  series  of  plutonic  intrusions,  starting  later 
than  lower  Devonian  times.  The  rocks  are  mainly  nephe- 
line  syenite  and  essexite,  characterized  by  a  high  content 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 

of  alkali.  THere  are  many  dikes  and  sills,  as  well  as 
the  two  main  intrusions,  penetrating  the  nearly  horizon¬ 
tal  limestone.  The  essexite  is  composed  mainly  of  prox- 
ene  and  hornblende  with  plagioclase  and  a  little  nehpel- 
ine.  Accessory  constituents  are  olivine,  blotite, 
apatite  and  iron  ores.  Since  pyroxene  is  the  most  a- 
bundant  constituent  the  rock  is  purplish.  The  nepheline 
syenite  is  lighter  in  color,  grey,  and  of  medium  grain. 
It  is  composed  of  orthoclase,  nepheline,  and  hornblende, 
with  albite  sphene ,  and  garnet  as  common  accessories. 

ONTARIO. 

The  section  in  Western  Ontario,  given  by  Stauffer 
(57)  corresponds  closely  to  the  New  York  section,  though 
the  Upper  Devonian  is  poor. 


SECTION  OP  THE  DEVONIAN  IN  WESTERN  ONTARIO. 


Upper  Devonian 


Port  lambton  beds 
Huron  shale 


Middle  Devonian 


Hamilton  formation 

Ipperwash  limestone 
Petrolia  shale 
Widder  beds 
Olentangy  shale 


lower  Devonian 


Oriskany  sandstone 
Eelderbergian  (wanting,  or 
possibly  represented  in 
part,  by  Detroit  River 


ser  ies . 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 

The  lowest  Devonian,  the  Helderbergian,  is  missing, 
unless  it  is  represented  by  part  of  the  Upper  Monroe 
beds  of  the  Silurian. 

The  Oriskany  sandstone  is  a  massive,  coarse  grained, 
white  to  yellowish  sandstone  with  occasional  beds  of 
chert,  which  lies  disco nformably  on  the  Silurian  dolo¬ 
mites.  Brachiopods  are  numerous  and  some  corals  and 
bryozoans  are  foumd  • 

The  Middle  Devonian  in  Ontario  is  one  of  the  best 
sections  in  the  world.  The  Onondaga  limestone  varies 
from  a  compact,  cherty  grey  limestone,  containing  brach¬ 
iopods,  to  a  highly  calcareous,  semi-crystalline,  grey 
limestone  in  massive  beds  with  some  shale,  containing 
many  corals,  bryozoans  ,  brachiopods,  and  crinoid  stems. 

It  Springvale  there  is  a  local  facies  containing 
quantities  of  coarse  sand,  but  with  the  Onondaga  fauna, 
Favos ites ,  Fenesteila  and  Atrypa  reticularis . 

The  Delaware  is  a  calcareous  brown  limestone,  about 
50  feet  thick,  carrying  Marcellus  fossils  such  as 
Styliollna  fissure  11a  and  Tentaculites  graoilllstriatus . 
It  is  similar  to  the  Delaware  limestones  of  Ohio. 

Cyrtina  hamiltonensis  is  also  found. 

The  Hamilton  beds  are  very  fossiliferous,  having 
many  excellent  specimans  of  corals,  bryozoans,  and 
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THE  WORLD  DISTBIBUTIOD  OF  THE  DEVONIAN, 
brachiopods.  The  formation  varies  from  280  feet  to 
550  feet  in  thickness. 

The  Olentangy,  the  basal  bed,  is  a  soft,  blue  shale, 
with  thin  lenses  of  limestone.  It  is  recorded  in  well 
records  at  Sarnia  and  other  places.  The  Wldder  beds 
consist  of  bluish  limestone  alternating  with  grey  shales. 
Fossils,  such  as  brachiopods,  corals,  and  crinoids  are 
numerous,  giving  zones  such  as  the  Encrinal  zone.  A 
massive  limestone  at  Wingham  consists  largely  of  strom- 
atoporo ids. 

Above  this  comes  a  soft  blue  shale  known  as  the 
"upper  soapstone"  or  Petrolia  shale.  The  top  of  the 
Hamilton  is  a  grey  limestone  with  a  small  amount  of 
bluish  shale,  known  as  the  Ipperwash  limestone.  Ghonetes 
lepidus  and  Spirifer  mucronatus  are  common. 

A  black  shale  which  has  been  called  the  Huron  shale 
by  Kindle,  of  Upper  Devonian  age  overlies  the  Hamilton  - 
said  to  be  of  Genesee  age.  fragments  of  fish  and  plants 
are  found . 

The  Port  lambton  beds  consist  of  compact  green  and 
black  shales  of  Portage  and  Chemung  age. 

The  following  correlation  of  the  section  to  that  of 
Hew  York  is  given  by  Hewcombe  (43): 
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CORRELATION  OF  ONTARIO  WITH  NEW  YORK. 


Ontario 

New  York. 

Hamilton  Hamilton 

Ipperwash 

Moscow 

Petrolia 

ludlowvi lie 

Widder 

Skaneateles 

Cardiff 

Olent&ngy 

Marcel lus 

Delaware 

Onondaga  Onondaga 

Onondaga 

Springvale 

Schoharie 

JAMBS  BAY. 


There  is  a  development  of  Upper  Devonian  along  the 
Abitibi,  Mattagami,  and  Moose  near  James  Bay  (49): 


SECTION  OF  THE  DEVONIAN  NEAR  JAMES  BAY. 


Upper  Devonian 

Dong  Rapids  shale 
Abitibi  River  limestone 

Sextant  sandstone  and 
shale 

The  Sextant  formation  consists  of  reddish  sands  and 
shales  about  80  feet  thick. 


Savage  says  that  the  Abitibi  river  limestone  cor¬ 
relates  with  the  Upper  Devonian  of  Iowa,  rather  than 
with  that  of  New  York,  containing  Favos ites  albenensis , 
Sohiziphoria  iowens is,  Atrypa  missouriensis ,  and  Stroph- 
eodanta  demisea. 
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The  Long  Rapids  shale  (66)  about  50  feet  thick,  con¬ 
tains  numerous  spores  of  the  plant,  Sp  o  r a ngi t e s  hu r o n e n s e 
which  is  also  characteristic  of  the  Sweet  land  Greek 
shale  of  Iowa  and  Illinois. 

MANITOBA. 

There  is  a  development  of  Middle  Devonian  in  the 
vicinity  of  Lakes  Manitoba  and  Winnipegosis  (40,42): 


SECTION  OP  THE  DEVONIAN  AT  LAKE  MANITOBA 
AND  LAKE  WINNIPEGOSIS,  MANITOBA. 


Middle  or  Upper  Devonian 

Manitoba  limestone 

Middle  Devonian 

Winnipegosan  dolomite 

Elm  Point  limestone 

The  exposure  on  Lake  Manitoba  consists  of  light  buff 
or  grey  colored  limestone  about  20  feet  thick.  Atrypa 
reticularis  is  the  zone  fossil. 

The  Winnipegosan  dolomite  is  a  white  and  cream 
colored  compact  formation  containing  specimens  of  the 
European  species  Stringecepha lus  burtini.  These  out¬ 
crops  are  found  farther  west  and  the  thickness  is  about 
165  feet. 

The  Manitoban  formation  consists  chiefly  of  non 
magnesium,  light  grey  limestones,  and  is  exposed  along 
the  shores  of  Lake  Winnipegosis,  and  on  Snake  Island. 
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THE  WORLD  DISTRIBUTION  OF  THE  DEVONIAN. 

The  lower  part  contains  Cyrt ina  hamiltonensis  and  the 
upper  part  Athyr is  fultonensis  as  zone  fossils.  Hume 
(36)  gives  the  age  as  Middle  Devonian  or  possibly  Upper 
Devonian. 

ROOKY  MOUNTAINS. 

Rocks  of  Devonian  age  are  found  in  the  Rocky  Mountains 
from  Jasper  to  Orowsnest  Pass,  and  southward  into  the 
United  States.  The  following  section  is  given  by 
Warren  (63): 

SECTION  OP  THE  DEVONIAN  I ft  THE  BANFF  AREA. 


Minnewanka 

Upper  part 

Dower  part 

GHost  River 

The  Ghost  River  formation,  the  lowest  beds  of  De¬ 
vonian  age,  consists  of  massive,  buff  colored  dolomites 
and  quartzites.  It  is  faulted  against  younger  forma¬ 
tions.  It  is  about  300  feet  thick,  but  its  exact  age  is 
not  certain  due  to  lack  of  fossiliferous  evidence. 

The  Dower  part  of  the  Minnewanka  limestone,  formerly 
cdlled  the  Intermediate  limestone  by  McConnell  (39)  is 
found  well  developed  at  Sulphur  Mountain.  It  consists 
of  thin  bedded  black  limestone,  grey  dolomite,  and  mas¬ 
sive  dark  grey  to  black  dolomite  about  1900  feet  thick. 
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Reefs  of  poorly  preserved  stromotoporolds  and  structur- 
less  coral3  are  found  in  the  middle  of  the  formation. 
Atrypa  missouriensis  indicates  that  it  can  be  correlated 
with  the  Jefferson  limestone  of  Montana  of  both  lower 
and  Middle  Devonian  age.  The  thermal  springs  at  Banff 
occur  in  the  Intermediate  limestone  (lower  Minnewanka) 
the  rock  being  high  in  sulphur,  due  to  the  presence  of 
pyrite  (2).  The  Upper  part  of  the  Minnewanka  limestone, 
formerly  called  the  lower  Banff  limestone  by  McConnell 
(54),  consists  of  massive  limestones  and  dolomites, 
which  resist  erosion,  forming  cliffs.  Dolomit izat ion 
occurs  erratically  in  the  limestone.  The  formation  is 
found  on  Rundle  and  Cascade  mountain,  up  to  1050  feet 
in  thickness. 

Its  age  is  shown  to  be  Upper  Devonian  from  the  oc¬ 
currence  of  Spir ifer  whitneyl ,  Athyris  angelica ,  and 
Productella  coloradoens is . 

The  following  correlation  of  the  formations  to  those 
of  Montana  is  given  by  Warren  (63): 

Banff.  Montana . 

Upper  Devonian  Upper  part  Three  Forks  shale 

Middle  and  lower  part  Jefferson  limestone. 


lower  Devonian  Ghost  River 
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THE  WO  RID  DISTRIBUTION  OP  THE  DEVONIAN. 

J-4SPER  PARK. 

The  Mlnnewanka  limestone  is  also  found  at  Jasper 
Park  (3),  The  lower  part  consists  of  dark  grey  saccaro id- 
al  dolomite,  while  the  upper  part  is  a  dense  dark  lime¬ 
stone  of  Upper  Devonian  age. 

It  is  found  at  Roche  Miette  lying  discon formably  on 
the  Cambrian,  and  in  the  Palisades  it  is  on  the  Ordo¬ 
vician,  being  about  2500  feet  thick  in  the  Palisades. 

A  change  occurs  to  the  east  where  a  black  shale  is 
introduced,  called  the  Black  Pace  Mounta  in  shale  by 
Kelly.  The  thickness  of  the  whole  formation  is  also 
greater  -  up  to  5000  feet.  Two  typical  Upper  Devonian 
faunas  occur,  the  Spirifer  wh itneyi  of  Chemung  age  and 
the  Spirifer  jasperensis  of  Naples  age. 

CROWSNEST  PASS. 

The  section  in  Crowsnest  Pass  (64)  is  similar  to 
that  at  Banff,  though  there  are  shales  and  shaly  lime¬ 
stones  in  the  lower  part,  so  it  is  still  called  the 
Mlnnewanka  formation. 

The  lower  part  resembles  more  closely  the  beds  at 
Rocke  Miette,  consisting  of  greenish  grey,  nodular, 
shaly  limestones  about  500  feet  thick  (47). 
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The  upper  part,  which  is  constant  throughout  the 
mountains,  consists  of  massive,  dark  grey  to  black  lime¬ 
stones  and  contains  the  same  Spirlf er  whitney 1  fauna,  with 
Productella  coloradoens is  and  Camaroetochia  horsf ordi . 

The  occurence  of  Spirifer  jasperensis  correlates  it  with 
the  fauna  of  Jasper  Park  of  .Naples  age. 

The  form  Spirifer  jasperensis  resembles  the  Hackberry 
fauna  -  thus  showing  a  possible  correlation  with  the  De¬ 
vonian  of  Iowa. 

Some  of  the  beds,  800  feet  thick,  below  the  section 
may  yet  prove  to  be  Middle  Devonian.  It  is  overlain  by 
Banff  shale. 

NORTHERN  CANADA. 

There  is  a  thick  section  (up  to  3800  feet)  of  Middle 
and  Upper  Devonian  in  the  Mackenzie  Valley.  The  lower 
Mackenzie  section  described  by  Kindle  (41)  correlates 
with  that  of  Great  Slave  Lake  arid  the  Upper  Mackenzie, 
described  by  Cameron  (10): 
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SECTIONS  OF  THE  DEVONIAN  AT  GREAT  SLAVE  LAKE. 


Great  Slave  Lake  and  the 

Upper  Mackenzie 

Lower  Mackenzie 

Upper 

De¬ 

vonian 

Hay  River  limestone 

Hay  River  shale 

Simpson  shale 

Bosworth  limestone  and 
shale . 

Fort  Greek  shales 

Middle 

De¬ 

vonian 

Slave  Point  limestone 
Presqu’ile  dolomite 
Pine  Point  limestone 

Beavertail  limestone 
Ramparts  limestone 

Hare  Indian  River  shale. 

GREAT  SLAVE  LAKE . 

The  Pine  Point  limestone  is  a  sha  ly  bituminous  lime¬ 
stone  with  A try pa  reticularis. 

The  Presqu’ile  formation  consists  of  hard,  fine 
grained,  bituminous  dolomites  with  some  limestone.  It  is 
characterized  by  Stringooephalus  burt ini .  The  Slave 
Point  limestone  is  light  grey  and  fine  grained,  contain¬ 
ing  Qyrt ina  ham i itonens is  and  Hypothyris  cuboides .  Owing 
to  the  type  fossils  in  the  Middle  Devonian  beds,  they 
are  correlated  with  the  Elm  Point  limestone,  Winnipegosan 
dolomite,  and  Manitoba  limestone  of  Manitoba. 

The  Simpson  shales  of  the  Upper  Devonian  consist  of 
greenish  grey  clay  shales,  carrying  a  Portage  fauna. 

The  Hay  River  series  has  a  lower  grey  shale  member  and 
an  upper  buff  limestone  member,  grading  into  each  other. 
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Buchiola  restriostr lata  and  Entomls  variostr iata  in¬ 
dicate  Portage  age  (62).  The  Devonian  is  overlain  dis- 
conformably  by  the  Cretaceous. 

In  the  lower  Mackenzie  district,  the  Pine  Point 
limestone  is  represented  by  the  Hare  Indian  River  shale, 
which  is  found  at  the  end  of  the  Ramparts,  resting  on 
the  Silurian. 

The  Ramparts  limestone  is  well  exposed  at  the  Ram¬ 
parts  and  carries  Stringocephalus  bnrtinl .  The  Beaver- 
tail  limestone  consists  of  hard  bituminous  limestone 
with  some  shale,  often  forming  the  slopes  of  ridges. 

The  typical  fossil  is  Hypothyris  castanea ,  which  re¬ 
places  Hypothyris  cuboides  of  the  Slave  lake  area. 

The  Port  Creek  shale  of  the  Upper  Devonian  is  a 
very  dark  color,  consisting  of  highly  bituminous  clay 
shale  with  thin  layers  of  limestone  and  sandstone.  Oil 
occurs  at  the  base  of  the  formation. 

The  Bosworth  formation  consists  of  grey  green  clay 
shales  and  sandstones,  with  Spirifer  whitneyi  as  the 
type  fossil,  showing  Chemung  age. 

The  fauna  of  these  sections  show  that  there  was  a 
connection  with  Europe  at  that  time. 


MC MURRAY 
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SECTION  OP  THE  DEVONIAN  AT  MoMURRAY. 


Upper  Devonian 


Waterways  formation  -  (Portage) 


At  McMurray,  the  Waterways  formation  consists  of 
limestone  with  a  small  amount  of  shale  (62).  They  con¬ 
tain  many  Atrypas ,  and  large  Schlzophor ias ,  varieties 
of  Spir ifer  tullia,  Oyrt ina  billingsi  and  Pugnax  pug  mis , 
as  do  the  Peace  Point  beds,  which  consist  of  blue  shale 
and  thin  bedded  limestone.  They  form  a  limey  facies  of 
the  same  age.  Portage,  as  the  shaly  Simpson  facies.  At 
the  Mackenzie,  the  Upper  Devonian  overlies  Middle  De¬ 
vonian,  while  at  AthabasfcaJft  i t  overlies  Silurian  beds  so 
the  Upper  Devonian  sea  was  more  widespread.  The  Water¬ 
ways  formation,  recently  named  by  Warren  (62),  is  found 
on  the  Athabasca  river.  It  is  correlated  with  the  Simp¬ 
son  shale, -as  it  bears  a  Portage  fauna. 

The  fauna  appears  to  resemble  that  in  Missouri  at 
Snider  Creek  (6),  containing  Atrypas ,  Schlzophor ias , 
as  well  as  Pro duct el la  callawayensis  and  Atrypa  gregeri . 
The  form  Splrlfer  tullia  from  the  Waterways  appears  to 
be  identical  to  Spirifer  annae  of  the  Snider  Greek 
shale.  The  fauna  is  not  so  closely  allied  to  the  Hack- 
beryy  fauna  of  Iowa,  though  Spirifer  tullia  and  its 
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varieties  resembles  Spir  ifer  orestes  from  Iowa. 

ALASKA. 

A  series  of  conglomerate  and  saixlstone  beds,  about 
3000  feet  thick,  composed  of  igneous  material,  the 
pebbles  of  the  conglomerate  being  imbedded  in  tuffaceous 
material,  and  derived  from  older  banded  quartzite  lime¬ 
stone  strata,  is  found  in  south  eastern  Alaska  (67).  In 
some  places  these  are  followed  by  argillaceous  schists 
and  slaty  limestones,  and  then  by  Upper  Devonian  lime¬ 
stone  • 

The  close  of  the  Devonian  period  was  marked  by  vol¬ 
canic  activity  along  the  coastal  belt,  where  lavas  and 

I 

tuffs  as  thick  as  800  feet  were  laid  down. 

GREENLAND .  I 

According  to  Ussing  (60)  the  Devonian  in  Greenland 
is  represented  by  the  Igaliko  sandstone  ,  an  Old  Red 
Sandstone  type. 

At  Igaliko,  it  consists  of  red  colored  to  brownish 
colored  sandstone,  with  some  dark  grey  shales  and  chert. 
Beds  of  conglomerate,  containing  red  sandstone  pebbles 
of  granite  or  diabase,  are  common. 

Near  Julienehaab,  the  Igaliko  sandstone  is  conform- 
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ably  overlain  by  a  volcanic  formation  consisting  of  a 
series  of  Lava  flows  and  silts,  with  some  voLcanlc  tuff. 

Giesecke,  In  1818,  classified  the  sandstone  as  De¬ 
vonian,  and  Suess  pointed  out  its  similarities  to  the 
Devonian  on  Spitzbergen,  A.  G.  Nathorst,  a  Swedish  geol¬ 
ogist,  found  some  sandstones  at  this  locality,  which 
were  fossiliferous ,  containing  Hoioptychlus  and  Aster- 
olepis,  thus  confirming  the  earlier  opinions. 

SPITZBERGEH. 

A  series  of  sandstones,  represent i ng  the  Old  Red 

II 

Sandstone  is  also  found  in  Spitzbergen.  The  following 
classification  is  given  by  Holtedahl  (35): 

SECTION  OF  THE  DEVONIAN  IE  SPITZBERGEN. 

Wijde  Bay  Series  -  Upper  Old  Red  Sandstone 

Grey  Hoek  Series  -  Middle  Old  Red  Sandstone 

Wood  Bay  Series  -  lower  Old  Red  Sandstone 

The  Wood  Bay  series  consists  of  about  10,000  feet  of 
red  and  chocolate  colored  sandstone,  rich  in  mica.  The 
Grey  Hoek  series  consists  of  7000  feet  of  sediments. 

The  Wijde  Bay  series  is  also  very  thick,  9000  feet,  con¬ 
sisting  of  grey  sandstones  and  slates.  The  Upper  Be- 
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vonian  fish,  Holotych ius .  occurs  here. 

There  was  not  as  much  disturbance;  as  in  Scot  Land, 
•^oltedahl  says  that  the  series  was  likely  formed  by 
widespread  delta  with  partly  fresh  and  partly  brackish 
water  covering  large  areas. 

ASIA. 

SIBERIA. 

Some  Devonian  occurs  in  Asia,  though  it  has  not  been 
studied  a  great  deal.  (See  Plate  IV) .  In  the  northern 
part  of  Siberia  an  Upper  Devonian  fauna  is  found,  con¬ 
taining  Spirlf er  whitneyi ,  Produo tel la  ha liana,  etc.  in 
limestones. 

Middle  Devonian,  containing  some  gypsum  and  salt  is 
found  at  Tomsk  and  in  the  Tian  Shan,  having  the  typical 
fossils  Stringocephalus  burtini  and  Splrifer  anno s of i . 

MONGOLIA . 

A  Ooblenzian  fauna  correlating  with  that  of  Belgium 
and  the  Rhine  was  found  in  the  Altai  mountains  in  Mon¬ 
golia  by  Tschernyschew  (58). 

CHINA . 

In  China,  Richthofen  collected  Pentamerus  galeatus , 
Rhynchonella  paralle lepipeda  and  A try pa  desquamata, 
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showing  Middle  Devonian  age;  and  Hypothyris  cuboides, 
Splrif er  verneulli ,  and  Atryparet icularis ,  showing  beds 
of  an  Upper  Devonian  age,  which  could  be  correlated  with 
those  of  the  Mackenzie  Valley  in  North  America. 

A.  W.  Grabau  recently  published  a  monograph  on  De¬ 
vonian  Brachiopods  of  Chinal29). 

Productella  bourguignni  is  closely  analagous  to 
some  Productellas  of  the  Ghemung  group  in  New  York,  es¬ 
pecially  Pro due tel la  laohrymosa  Hall.  It  occurs  in 
Middle  Devonian  rocks  in  Kansu. 

Sohizophoria  excellens  Grabau  agrees  with  varieties 
of  Schizopjior ia  tulliensis  in  New  York.  The  form  appears 
to  be  more  advanced  than  the  Middle  Devonian  Sohizophoria 
striatula,  so  it  suggests  that  it  may  belong  to  the 
Upper  Devonian. 

Contrary  to  the  idea  that  has  been  previously  held, 
the  cosmopolitan  Upper  Devonian  species,  Hypothyris 
oubo ides ,  is  represented  in  Kansu  by  a  small  variety. 

It  corresponds  to  the  form  found  in  the^  Tully  limestone 
in  New  York. 

Atrypa  desquamata  is  the  most  common  species  of 
Atrypa  in  the  Chinese  Devonian,  almost  entirely  replac¬ 
ing  the  Atrypa  reticularis  of  the  Western  Devonian.  It 
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is  found  in  Hanan  and  Kansu  associated  with  Stringocepha- 
ius  and  other  typical  Middle  Devonian  shells. 

Spirifers  are  among  the  most  abundant  and  most  char¬ 
acteristic  fossils.  They  are  closely  connected  to  the 
morphological  series  which  is  known  in  Europe  as  that  of 
S£tr  if  er  vernulli  t  but  they  can  be  distinguished  from 
the  European  and  American  forms.  They  are  much  smaller 
than  Splrif er  dis junctus ,  but  Splrif er  chiensis  appears 
to  be  closely  related  to  the  form  Splrif er  wh it ney 1 , 
found  in  western  North  America.  Owing  to  the  fact  that 
many  of  the  specimens  were  purchased  in  drug  stores,  the 
horizon  and  locality  of  the  beds  are  not  definitely  known. 

Varieties  of  Stringocephalus »  inc  lud  ing  S.  obesus , 
and  S.  transvera,  occur  in  Yunnan,  indicating  beds  of 
Middle  Devonian  age. 

Basal  conglomerates  and  some  sandstone  were  found 

in  the  Sair  Usu  region  in  Mongolia.  They  were  immediate- 

- 

ly  below  the  Mississipian,  so  they  were  considered  De- 
vonian  in  age. 

INDIA. 

Devonian  beds  occur  in  five  different  areas  in 
India  (61).  (See  Plate  V). 
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KASHMIR . 

Massive  beds  of  white  quartzite,  resembling  the  Muth 
series,  rest  ing  conformably  on  the  Silurian,  are  found 
in  thin  bands  on  both  flanks  of  the  Iidar  anticlinal. 

The  series,  about  3000  feet  thick,  is  not  foss iliferous , 
the  inference  of  their  age  being  based  on  stratigraphic 
position  between  the  foss iliferous  Upper  Silurian  and 
lower  Carboniferous. 

SPITI . 

The  Muth  Quartzite,  found  in  the  Muth  Pass  by  Hayden, 
is  considered  partly  Silurian  and  partly  Devonian.  It 
consists  of  a  series  of  white  hard  quartzites  which  is 
not  fossi liferous .  A  hard  siliceous  limestone,  the 
Kanawar,  overlying  it,  containing  brachiopods  and  corals, 
is  Middle  Devonian  (48)  . 

OHITRAI . 

Upper  Devonian  strata  are  found  in  the  valley  of  the 
Chitral  river,  consisting  of  a  thick  series  of  limestones 
with  Favorsites,  C  yathophyllum,  Orthis ,  Athyris,  Atrypa, 
and  Spirifer.  It  overlies  a  series  of  older  Palaeozoic 
strata  of  quartzites,  red  sandstones,  and  conglomerates, 
which  are  probably  equivalent  to  the  Muth  Quartzite  and. 


d»  ,a 


, 

. 

( 

, 

r  • .  r  ^  .  I  , 


62. 


THE  7/0 RID  DISTRIBUTION  OF  THE  DEVONIAN. 

Upper  Silurian. 

HAZARA. 

The  "Infra-Trias"  series,  consisting  of  a  coarse 
basal  conglomerate,  followed  by  a  series  of  red  and 
purplish  sandstones  and  shales,  overlain  by  massive 
limestone,  2000  feet  thick,  is  regarded  as  of  the  same 
age  as  the  Chitral  series,  due  to  lithological  charac¬ 
teristics. 

BURMA  (NORTHERN  SHAH  STATES). 

The  Paleozoic  rocks  from  the  Ordovician  to  the 
Permian  form  a  well  developed  marine  series  in  the  north¬ 
ern  Shan  States.  It  is  the  only  place  within  the  Indian 
Empire,  except  Spiti  and  Kashmir,  which  has  a  complete 
geological  record  of  the  Palaeozoic. 

At  Padaukbin,  the  Devonian  is  represented  by  a  series 
of  crystalline  dolomites  and  limestones,  which  are  very 
f oss i lifer ous .  The  fauna  included  Caloeola,  Oyathophyl- 
lum;  genestrapora,  Polypora;  Orth is,  Atrypa ,  Splrifer , 
Cyrtina  and  Phacops. 

The  Upper  Devonian  is  represented  by  the  Wetwin 
slates,  a  series  of  yellow  shales  and  slates  containing 
lingula,  Athyris  and  Ohonetes .  Some  fine  crystalline 
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dolomites  containing  corals  and  foramirifera  are  associat¬ 
ed  with  them. 

The  Devonian  is  conformably  overlain  by  Carboniferous 
and  Permian  rocks,  the  whole  series  being  known  as  the 
P lat  eau  1 ime  s t  o  ne • 


RUSSIA. 

An  interesting  development  occurs  in  Russia,  in 
which  the  marine  Devonian  and  the  Old  Red  Sandstone  types 
are  found  in  the  same  region.  They  cover  large  areas  in 
south  western  Russia  and  outcrop  in  the  Ural  and  Timan 
mountains  (See  Plate  VI).  The  wide  distribution  of  out¬ 
crops  show  that  they  probably  underlie  a  very  great 
area  throughout  Central  Russia.  The  beds  have  not  been 
disturbed,  being  nearly  horizontal  in  position.  Kayser 
gives  the  following  table,  showing  the  occurrence  (38): 
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SECTIONS  OF  THE  DEVONIAN  IN  RUSSIA. 


N  .W. Russ  ia 

Central 

Pets chora 

Russ ia 

Upper 

Old  Red  Sand¬ 
stone  and 
chalk 

Chalk  withShales  and 
Spirifer  chalk  with 
verne uili  Spirifer 

De¬ 

vonian 

Spirifer 

Hypo thy- 

verneuill 

verneuill 

ris 

cub o ides 

Limestones , 
do lomite 

Marls  with 

Spirifer  an- 

Middle 

with  Spiri- 

ngssofi  and 

De- 

fer  anossofi 

Rhynchonella 

vonian 

and  Rhynchon- 

meyerdorf i 

el  la 

meyerdorf i 

lower 

De¬ 

vonian 

f  f  f 

Ura  Is 


Oilmen ia  chalk 
Chalk  with 
Mant 1 coo eras  and 
Hypothyris 


Chalks  and 
shaLes  with 
St ring oc epha lus 


burt ini 


Spirifer  annoso- 

Ti - - 

horizon  with 
Pentamerus 
ChaLks  and 
shales  with 
Calceo la . 


Colored  mar  is 
and  sandstones 

Chalks  and 
shales  from  Ufa. 


The  Devonian  is  found  in  Russia  in  five  different 
areas 


fl)  A  large  area  in  the  north-west,  from  Nov¬ 
gorod  to  the  White  Sea. 


(2)  In  Central  Russia,  from  Orel  to  Woronesch. 

(3)  In  the  Dniester  Valley. 

(4)  In  the  Timan  Mountains . 

(5)  On  the  western  sides  of  the  Urals. 
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In  the  first  area,  the  two  types,  marine  Devonian, 
and  the  Old  Red  Sandstone  are  found  together.  The  lime¬ 
stones,  sandstones  and  shales,  laid  in  horizontal  beds, 
cover  a  large  area  and  reappear  in  the  Urals,  being 
covered  by  Cretaceous,  Jurassic  and  Triass ic  beds.  The 
Old  Red  Sandstone  type  contains  the  typical  fish  remains 
of  Osteolepis,  Dipterus,  etc.  The  limestones  and  dolo¬ 
mites  carry  Spirifer  anossofi,  showing  Middle  Devonian 
(32). 

The  same  intermingling  of  the  beds  occurs  in  the 
second  area  from  Orel  to  Wornonesch.  There  are  more 
limestones  and  dolomites  with  greenish  and  bluish  marls 
in  the  central  part.  The  presence  of  Spirifer  anossofi 
in  the  marls  indicates  Middle  Devonian  age,  and  of 
Spirifer  verneulll  and  Hypothyr is  ouboides  in  the  lime¬ 
stones  indicates  Upper  Devonian  age. 

In  the  Dniester  valley,  there  is  a  small  area  of 
the  Old  Red  Sandstone  type. 

In  the  Petschora  region,  the  Middle  Devonian  is 
represented  by  limestones  with  Sp irifer  anossofi  and 
corals,  the  Upper  Devonian  limestones  with  Spirifer 
verneulll  and  Hypothyris  ouboides ,  while  a  dark  bitum¬ 


inous  shale  with  Mant  icoceras  intumeacens  represents  the 
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oldest  Upper  Devonian. 

There  is  a  complete  section  of  Devonian  in  the  Urals. 
The  lowest  Devonian  consists  of  limestones  and  shales  with 
some  quartzite,  found  at  Ufa  and  Bogoslovsk.  The  Middle 
Devonian  contains  the  typical  Strlngocephalus  hurt  ini 
and  Spirifer  anossof i,  while  the  Upper  Devonian  consists 
of  limestones  with  Mant  icoceras  intumescens  and  Hypothy- 
ris  cub o ides. 

There  is  a  much  closer  correlation  between  the  Middle 
and  Upper  Devonian  of  the  bra  Is  and  North  America,  than 
between  that  of  Germany  and  North  America. 

AUSTRALIA . 

Volcanic  activity  was  displayed  on  a  grand  scale 
throughout  the  whole  of  the  Devonian.  Due  to  aridity  in 
the  Upper  Devonian  a  vast  amount  of  red  rock  was  formed, 
though  earlier,  Australia  was  covered  with  green  growth 
for  the  first  time  in  its  history.  Rad iolar ions  and 
corals  are  abundant ,  forming  reefs  in  the  Middle  Devon¬ 
ian.  During  Upper  Devonian  times  a  chain  of  lakes, 
which  teemed  with  fish,  existed  in  eastern  Australia. 

David  gives  the  following  sections  in  Australia,  showing 
their  correlation  with  the  Rhine  f 19 ) : 
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LOWER  DEVONIAN. 

In  Victoria  (see  Plate  VII)  the  Snowy  River  Porphyries 
represent  the  Lower  Devonian.  They  consist  of  acid 
lavas  and  tuffs.  A  series,  6000  feet  thick,  in  the 
Murrumbidgee  Valley  in  southern  Hew  South  Wales,  con¬ 
sisting  of  soda  rhyolite,  keratophyric  lavas,  tuffs  and 
breccias,  2000  feet  thick,  have  been  correlated  with  them. 
The  Woolomin  series  of  Tamworth,  consisting  of  red  and 
green  Jasper,  with  many  casts  of  radiolaria  is  also  Lower 
Devonian  in  age. 

The  Burdekin  series,  of  Queensland,  9400  feet  thick, 
underlies  the  Middle  Devonian.  It  starts  with  a  thick 
conglomerate,  suggesting  shore  line  conditions. 

MIDDLE  DEVONIAN. 

Middle  Devonian  rocks  are  found  in  Queensland,  in  *r 
the  Ukalanda  series  which  is  a  limestone  with  Ca lceo la, 
indicating  its  Eifelian  age. 

The  Buchan  and  Bindi  limestones  of  Victoria  and  part 
of  the  Burdekin  series  have  Gyroceras  and  Phragmoceras , 
and  are  Givetian  in  age.  The  sponge  Receptaculites 
australis  is  common  in  the  Murrumbidgee  area.  The  Tam¬ 
worth  beds  In  New  South  Wales  are  rich  in  radiolaria. 

The  Tabberabbera  shales  are  found  on  the  Mitchell  river 
in  Victoria. 
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UPPER  HE  VON  I  AH, 

An  alternation  from  marine  conditions  to  fresh 
water  conditions  is  shown  in  the  Upper  Devonian  and  the 
Iguano  Greek  beds,  of  Victoria.  They  consist  of  red  and 
green  shales,  with  rhyolites.  Archaeopteris  and  Dipterus 
are  found. 

In  Hew  South  Wales,  the  Barraba  series,  5000  feet 
to  8000  feet  thick,  rest  conformably  on  the  Taraworth 
series f  The  Barraba,  with  shales,  mudstones,  and  tuffs, 
and  the  Iamb i an  ,  with  shales  and  quartzites,  contain 
Iepidodendren  australe  and  Spir ifer  dis junctus . 

A  number  of  gold  fields,  such  as  Mount  William  and 
Mount  Wills  are  in  granodiorites  and  granites  of  Devon- 
ian  age  (34).  The  granodiorites  and  granites  in  many 
places  are  quarried  for  building  stones,  and  where  de¬ 
composed  are  worked  for  pottery  purposes  . 

# 

SOUTH  AFRICA. 

The  Cape  System  of  South  Africa,  described  by  du 
To  it  (21),  includes  about  10,000  feet  of  sandstones, 
shales,  and  quartzites  of  Devonian  age,  which  lie  dis- 
conformably  in  the  older  rooks. 
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SECTION  OP  THE  DEVONIAN  IN  THE  CAPE  OP  GOOD  HOPE  AND 

SOUTH-EAST  APRICA. 


Cape  System 


Witteberg  series  -  Upper  Devonian 
Bokkeveld  series  -  Middle  Devonian 
Tab le  Mounts  in 

series  -  lower  Devonian 


The  Table  Mountain  series  extends  from  Bokkeveld 
mountain  south  to  Table  mountain  and  the  Winterhoeck 
range,  east  as  far  as  Port  Elizabeth,  and  from  Natal 
north  to  the  Tugeln  river  in  Zululand  (See  Plate  VIII). 

It  consists  of  thick,  unfossiliferous  grits  and  white 
sandstones,  with  scattered  pebbles  of  white  or  greyish 

! 

quartz  with  inclusions  of  red  Jasper  and  green  chert. 

The  beds,  5000  feet  thick,  are  very  constant  in  character, 
and  the  conglomerate  at  the  bottom  indicates  a  very  long 
period  of  erosion  prior  to  its  deposition. 

The  strata  became  more  folded  towards  the  south  and 
form  impressive  scenery  in  the  mountains. 

There  is  a  small  amount  of  shale,  which  at  Adarburg 
contains  striated  pebbles,  showing  evidence  of  glacia¬ 
tion.  The  formation  is  unfossiliferous,  its  age  being 
considered  lower  Devonian  from  its  stratigraphic  position. 

The  Bokkeveld  series  follows  the  Table  mountain  con- 
formably  and  extends  from  Van  Rhynsdorp  to  the  Warm  Bok- 
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keveid  mountain,  and  east  between  the  lange  Berg  and  the 
Zwarteberg  ranges,  broadening  out  at  Willowmore.  Another 
belt  south  of  Oudtshoorn  goes  east  to  the  Bushmans  river. 
The  series  consists  of  five  argillaceous  groups,  each 
several  hundred  feet  thick,  separated  by  thinner  groups 
of  sandstone  and  quartzite.  The  argillaceous  groups 
consist  of  dark  blue  to  black  and  green  shales  and  mud¬ 
stones,  with  some  greywacke  and  mica.  The  sandstones 
range  from  soft  browns  and  reds  to  grey  and  white.  The 
lowest  group  of  shales  are  fossiliferous ,  with  trilobites 
and  brachiopods,  such  as  Homalonotus  herscheli  and  , 

Splrlfer  antarct icus ,  indicating  a  lower  or  Middle  Be- 
vonian  age.  The  upper  group  contains  plant  remains. 

The  Witteberg  series  is  found  in  the  mountains  of 
the  same  name,  bordering  the  Karroo  range  south  of  Prince 
Albert.  The  quartzites  in  the  formation  are  differenti¬ 
ated  from  those  of  the  Table  mountain  series  by  their 
fine  grain  and  tendency  to  weather  to  a  reddish  color. 

There  are  some  shales  and  flagstones  and  graphitic  slates. 
Plant  fragments  of  Spirophyton  and  Stigmaria  are  found. 

The  age  is  not  yet  definitely  known,  but  has  been  placed 
from  Middle  Devonian  to  Middle  Carboniferous. 

The  resemblance  of  the  beds  in  the  Falkland  Islands, 
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Argentina  and  Southern  Brazil  to  those  of  South  Africa 
is  very  striking. 


FAIKIAKD  ISIANDS. 

The  Devonian  occupies  the  whole  of  the  Falkland 
Islands  except  the  south-eastern  part  and  one  or  two 
isolated  parts.  It  consists  of  three  series  of  sandstone, 
sLates,  and  quartzite,  very  closely  related  to  the  series 
in  South  Africa  (14,  51). 

The  lowest  group  has  all  the  characteristic  features 
of  the  Table  mountain  series,  being  a  light  colored, 
coarse  grained  arenaceous  sandstone,  with  scattered 
quartz  pebbles.  It  rests  disconformab ly  on  older  rocks. 
The  foss i liferous  Middle  Devonian  corresponds  to  the 
foss iliferous  Bokkeveld  series,  consisting  of  shales 
and  sandstones,  with  the  same  fauna,  even  having  poorly 
developed  lep idodendron  plants  in  the  upper  part.  The 
uppermost  group  resembles  the  Witteberg,  consisting  of 
coarse  sandstones  and  quartzites. 

SOUTH  AMERICA . 

The  following  table,  showing  the  correlation  of  the 
beds  in  South  America,  the  Falkland  Islands  and  South 
Africa,  is  given  by  Du  Toit  (21): 
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SECTION  OF  THE  DEVONIAN  IN  THE  FALKLAND  ISLANDS. 


Cape  Province 


Middle  and  low-  Witte berg 
er  Carboniferous 
and  Middle  De¬ 
vonian  Bokkeveld 


Falkland 
la  lands 
Quartz ites , 
sandstone , 
shales 
Fossi lif- 
erous  shale 


Sierra  de  la 
Vent ana 
Greywackes 


Foss iliferous 
s lates 


lower  Devonian 
and  Uppermost 
S i lur ian 


Table  Mountain 


Barren  sand -Sierra  de  la 
stones  Ventana 

quartz ites . 


i 


Northern  Argentine  and 
Southern  Bolivia 


Parana  Basin 


Middle  and  lower 
Carboniferous  and 
Middle  Devonian 


Sica  -  sica  beds 

Huamampampa  beds  Ponta  Grossa 

shales 


lower  Devonian  and 
Upper  Silurian 


Conularia  and 
Crinoid  beds 
Ida  sandstone 


Furnas  sand¬ 
stones 


In  the  Sierra  de  la  Ventana  (see  Plate  IX),  the 


lowest  member  is  a  thick,  white  sandstone,  the  equivalent 
of  the  Table  mountain  sandstone  of  the  Cape  (5).  It  builds 
the  main  raqge.  The  sloping  ground  to  the  north-east, 
for  a  distance  of  three  or  four  miles,  down  to  the  valley 
of  the  Rio  Sauce  Grande,  is  made  by  the  second  member,  a 
series  of  cleaved  slates  and  greywaekes,  corresponding 
to  the  Bokkeveld  and  Witteberg  series.  The  lowest  beds 
are  fine  slates,  with  some  beds  of  greywacke  appearing 

higher  p.p,  while  the  topmost  beds  consist  of  highly 
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cleaved  greywackes ,  mostly  brownish,  and  full  of  feldspar. 
Distorted  Devonian  fossils  have  been  obtained  from  the 
slaty  basal  part.  The  uppermost  group  of  greywackes  and 
occasional  slates  differs  from  the  white,  fine  grained 
quartzites  of  the  Witteberg  series,  or  those  occupying 
a  similar  horizon  in  the  Falklands. 

The  Furnas  limestone,  about  450  feet  thick,  is  con¬ 
spicuous  in  the  Parana  basin.  It  is  nearly  horizontal 
and  rests  on  an  even  surface,  bevelling  the  granite  and 
another  tilted  series,  the  beds  ranging  from  a  white, 
fine  grained  sandstone  to  a  coarse,  white  false  bedded 
grit . 

At  Ponta  Grossa,  where  nearly  400  feet  of  the  Ponta 
Grossa  shales  are  exposed,  the  strata  resemble,  down  to 
the  minutest  detail,  the  lowermost  shale  group  of  the 
Bokkeveld,  ranging  from  fine  carbonaceous  shales  to  soft 
yellowish  sandy  beds.  The  beds  are  fossiliferous ,  yield¬ 
ing  the  typical  Bokkeveld  fauna. 

In  Sao  Paula,  the  Devonian  is  represented  by  the 
Faxina  sandstone,  which  consists  of  a  o©«rse  grained, 
non-foss il iferous  sandstone,  containing  small  pebbles 
of  quartz  and  quartzite.  The  stratigraphica 1  position 
of  the  bed  is  the  same  as  that  of  the  basal  Devonian  , 
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the  Furnas  sandstone,  in  Parana.  The  thickness  of  the 
bed,  as  reported  by  Dr.  Pacheco  (65),  is  over  600  feet. 

The  distribution  of  the  outcrops  on  all  sides  of  the 
Parana  basin,  indicates  that  the  Devonian  probably  under¬ 
lies  a  great  area  in  this  district. 

In  Uruguay,  there  is  a  bed,  considered  by  Du  To  it 
and  Walther  to  be  of  Devonian  age.  The  rocks  consist 
mainly  of  hard,  fine  grained  greyish  quartzite  with  some 
reddish  sandstones,  resembling  the  Sierra  de  la  Ventana. 

In  Bolivia,  the  lower  Palaeozoic  is  well  developed. 
The  Ida  sandstone,  resting  on  the  Ordovician,  is  consid¬ 
ered  to  be  Silurian  in  age,  but  the  Conularia  and  Crinoid 
beds  are  equivalent  to  the  Ponta  Grossa  and  Bokkeveld 
shales.  The  Huamampampa  is  900  feet  thick,  grey  colored, 
and  unfoss lliferous.  The  Sica-sica  formation  has  quart¬ 
zites  and  brown  or  white  shales  with  sandy  layers.  The 
fauna  shows  Middle  Devonian  age  with  a  few  lower  Devonian 
types . 

CONDITIONS  FOR  DEPOSITION . 

The  sections  in  Bolivia  indicate  that  the  Devonian 
transgression  began  just  prior  to  the  close  of  the  Sil¬ 
urian.  At  that  period  Central  Africa  had  been  land 
probably  from  Nigeria  to  the  Cape,  while  most  of  eastern 
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Brazil,  Uruguay,  south-eastern  Bolivia  and  part  of  the 
Argentina  were  connected  to  that  continent. 

Deltaic  deposits  of  Parana,  Matto  Grossa,  Sierra  de 
la  Ventana,  the  Falklands,  and  the  Cape  were  then  accumu 
lated.  The  ocean  advanced,  decreasing  the  area  of 
Gondwanaland ,  and  the  delta  crept  inwards.  Marine  muds 
and  sand  were  deposited  on  the  older  beds. 

In  Africa,  the  Gold  Coast  was  finally  submerged,  and 
in  the  opposite  direction,  the  southern  part  of  the  Cape 
and  all  the  Falkland  Islands.  The  epicontinental  sea 
was  shallow,  shown  by  its  widespread  transgression  over 
wide  areas  of  continents. 

The  climate  was  probably  cool,  shown  by  a  glacial 
zone  in  the  Table  mounta in  series,  and  by  the  absence 
of  limestones  and  the  scarcity  of  corals. 

conclusion. 

Strata  of  lower  Devonian  age  are  developed  in  the 
Rhine  area  and  in  the  'yrals  in  Russia.  In  north  America 
the  Lower  Devonian  occurs  in  isolated  patches  in  the 
Appalachian  mountains,  in  Missouri,  in  California,  and 
in  the  Gaspe  peninsula.  A  thick  series  of  volcanic 
rocks  is  found  in  Australia.  Sandstone  beds  of  similar 
lithological  characteristics  occur  in  South  Africa,  the 


, 

' 

,  ■ 

. 


77. 

THE  WO  RID  DISTRIBUTION  OF  THE  DEVONIAN. 

Falkland  Islands  and  South  America. 

The  Middle  Devonian  is  very  widespread,  being  repre¬ 
sented  in  the  Rhine  area,  the  British  Isles,  Russia 
and  Bohemia  in  Europe;  and  in  China  and  India  in  Asia. 

It  is  well  developed  in  north  America,  being  found  in 
Hew  York,  Central  United  States  and  California,  in  Hova 
Scotia,  Ontario,  Manitoba,  and  in  the  Rocky  mountains 
and  the  Mackenzie  Valley.  The  northern  sea  extended  as 
far  south  as  Missouri,  and  became  united  with  the  eastern 
sea  in  the  Rocky  mountain  area.  Middle  Devonian  beds 
are  also  developed  in  Australia,  South  Africa,  the  Falk¬ 
land  Islands,  and  South  America. 

The  Upper  Devonian  is  a  Is  o  widespread ,  being  found 
in  the  same  areas  as  the  Middle  Devonian  in  Europe  and 
Asia,  it  occurs  in  Australia,  South  Africa,  the  Falk¬ 
land  Islands  and  South  America.  In  north  America,  the 
distribution  is  more  restricted  than  that  of  the  Middle 
Devonian,  it  is  well  developed  in  Hew  York,  Iowa,  and 
the  Rocky  mountains,  and  the  Mackenzie  Valley,  but  little 
is  found  in  Ontario  and  California.  The  northern  sea 
became  connected  with  the  Eastern  sea  in  Central  United 
States  at  the  beginning  of  the  period. 

Volcanic  activity  occurred  throughout  the  Devonian 
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in  certain  districts. 

In  Europe,  igneous  rocks  occur  in  Scotland,  West¬ 
phalia  and  in  the  Fichtelbirge  area. 

In  Australia,  volcanic  beds  are  found  in  Victoria, 
Hew  South  Wales,  and  Queensland,  representing  lower, 
Middle,  and  Upper  Devonian  age. 

In  Canada,  the  Monteregian  Hill  in  Quebec  forms  an 
interesting  example  of  volcanic  activity.  This  in¬ 
trusion  took  place  after  lower  Devonian  time-. 
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